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FOREWORD

The work reported in this document was performed by Honeywell Inc,
Systems and Research Division, 2700 Ridgway Road, Minneapolis, Minnesota,
55413. Work was performed during the period November 1068 to May 1969
both under the auspices of Honeywell Inc. and under Air Force contract
F33615-89-C-1176. . The Air Force program Monitor was Mr. E. M. Bobbett/
FDCR. -

In addition to the listed authors, significant contributions .o the wrmng of
this report were made by Darrel R. Blackburn, David A, Church, Wallace E.
Helmbrecht, and Ronald F. Meuser, all employees of Honeywell Inc., Systems
and Research Divisgion.

The Honeywell report number assigned to this document is 126802-FR. The
manuscript was released by the authors in May 1969 for publication as a
Technical Report.

This technical report has been reviewed and approved.

fwenA Anierson. %t Colonel, USAF ,

Chief, Control Systems Research Branch
Flight Control Division
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ABSTRACT

This report describes the system studies and experimental work done to
determine the applicability of a helmet-mounted sight/display (HMS/D) to
high-performancc aircraft of the F-18 type. The HMS/D wage found to have
several areas of applicability to such aircraft, particularly in the mission

phases having to do with wespon delivery. Closed-loop performance of the -
-@ight/display combination was examined experimentally as a part of the

study. The performance experiment is based on the ability of the engineer
subjects to sight and track targets displayed on the helmet display, Inter-
face of the HMS/D with otner aircraft systems was considered, and & base-

line HMS/D syst~m was defined to the degree necessary to enter a prototype
development phase,

This abstract {8 subject to special export controls and easch transmittal to
foreimonrnmentl or foreign nstionals may be made only with prior
appro

of the Air Force Flight Dynamics Laboratory, FDCR, Wright-
Patterson Air Fcrce Base, Ohiq 45433. L :
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SECTION I
INTR_ODUCT!ON

This volume describes the conceptun and anelytncll work leading to the
description of a baseline HMS/D system applicable to the F-15 aircraft.

The work is an extension of that reported in Volumes II and III of this report
and covers the equipment-oriented aspects of the problem. The work re-
ported on in this.volume was performed in response to Tasks 7 and € and to
a portion of Task 6 of Honeywell Inc. Propogal 8B-N-4, dated 22 July 1868.
This volume algo responds to the following requirements of Exhibit A of
contract F33613-69-C-1176:

e Analyze the feasibility of performing the weapon delivery
missions (3. 1).

e Determine what combinations are best suited for what. pm.ﬁ.'(a 3).
e _Establish the relationship between the HMB/D and auoc.inted S

systems (3. 3. 1) and (3. 7). 7 .

e Determine the design feasibility and the menu.fachxrinz practlcllity

of the HMS/D (3. 9). B D

e sESRR R

The baseline system described in this volume is meant to serve jp two .
capacities: .

- Semm ames e e

e It may be used by the Air Force as the basis for discuuione
concerning the needs of the service and for chuosing those
features of the HMS/D which will be of greatest u.lstance in
meeting established needs. -

e It may be used by a contractor as the starting point for a pro-
" gram of prototype design and development leading to a workable
and flyable HMS/D for test and evaluation purposes.

Potential implementations of the HMS/D range from the very simple

to the very complex. A basic helmet sight with the addition of one or two
simple display elements presenting discrete bits of information marks one
end of the spectrum of complexity. The other end encompasses complex
systems in which the helmet sight is used both for sighting tasks

external to the aircraft and for aircraft mansgement control functions within
the cockpit while the helmet display presents a muiltiplicity of scene and
symbolic images simultaneously and in sequence. The lower end of this
spectrum is clearly within the state of the art today. The upper end s
beyond today's capability. The present spectrum is broad, however, and
does inciude a wide variety of both siLt and display functions. One of the
major decisions which must be made before proceeding with the development

of a prototype is the choice from the available capabilities of the HMS/D of
those which should be implemented in the firat flyable device.
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SEOTION 1

SYSTEM CONCEPT ANALYSIS

Concepts were formulated and developed for each of the potential applications

- of the HMS/D to weapon delivery tasks and to other tasks representattve of

the ability of the HMSID. These included:
e Air-to-air combat

(1) Long-x ange target identification (including radar acquisition)
(2) Missile firing - passive electro-optical homing missiles
(3) Wissile firing - semi-active radar homing missiles
(4) Fixed gun firing
e Air«to-ground combat -

(1) Target acquisition and identification

(3) Target location (including navigation update)
(3) Missile firing

(4) Fixed gun firing

(8) Bombing

In general, the concepis were evaluated by developing the following descrip- |
tions: : F :

¢ General concept (including block diagrun showing functicnal
relationshipe)

e Operational procedure using concept
e Equipment used
‘e Information needed on diaplay
e Contirols needed -
e Computation needed
e Impact of HMS/D design pnm&terd on performance
¢ Advantages and disadvantages

e o e

_,




AlR-TO-AIR COMBAT APPLICATIONS

Air-to-air comhat soplicstions considorsd were: (1) long-r radar a ini=
tion and optical targot identification; (2) missil nrmg involving both passive
electro-optical (E-O) homing miuﬂu and semi-active radar homing missiles;
and (3) fixed gun firing. - ST E R

WIS SIS AT MY -7 - bW

‘ Range Radar Acquisition and Ogttcnl Tuj‘ct Identi.ﬂc.tlon

Geperal Concept ~- The probable approsach to this applicstion is the combination
of a telescopic electro-optical tracker with radar and the HMS/D. This arrange-~
ment will allow one man to operate a type of system which, in two-man spplica-
tions, has a demonstrated capability to meet mission performance requinmentl.
A block diagram of the system is shown in Figure 1,

Operational Procedure ~- The mode of operation is as follows;
e Radar imagery is displayed on the HMS/D.

e Pilot locks the radar to the target by placing range and
azimuth gate symbols over the digplayed targct rcturn e
and preuing lock-on button, s et S e

e Electro-optical TV tracker is nluved to the helmet dfht
Radar pointing direction in azimuth and elevation is dis-
played on the HMS/D along with the E-Q tracker video output.

e Pilot moves his head to bring the radar cue to the center cl
the acreen. LS

e Pilot sees a magnified irnage of the target and ltabmsu it
with his head motion, Pilot identifies the tlrg!t

e Pilot locks the E-O tracker to the target if he so duirol.

e Optionally, pilot sights on the distant target directly and
uses the identiZication dewce to obtain magnification of
the image. :

Nadar search and acquisition before use of the identification device at extremse
range is desirable since, at very long ranges, targets will not be visible to the
unaided eye, and direct search with the high-magnification telescope will be
difficult. With the radar locked, the identification tale.cope is directad to the
target by cues on the helmat display.

Information Dis d - adu- i -= The same information normally
splayed on the radar scope is required on the helmet display long-
range radar search and acquisition. A typical display is shown in re 2,







T

. Figure 2.

Returns from potential targets are shown in azimuth and range
and antenna elevation is shown by a marker at the edge of the display. The
azimuth line and range gate are placed over the dosired target o look the
radar. The szimuth line is positioned by the asimuth motion of the helmet
sight, and the range gate is positioned by halmet sight elevation. Asntsans
elevation is controlied by s manual sdjustment ssparate from the EMS/D,
The decision to have the HMS/D control the azsimuth and range ratier then
azimuth and elevation was bassd on the comments of radar wmd
pilots that the elevation adjustment will bes moet effactive 11 it is free Srom
momentary changes caused by vibration of the pilot's head. The pilot will
also be subject to less constraint on his motion if he is not required to main-
tain a specific head elevation to get a good radar plot.

c - Rad uisition -~ In addition tothe helmet sight, two controls
are required for radar acqu sition; Care

e HMS/D Mode Control (two modes required)

Search - The azimuth-versus-range plot is presented, Amtenna
' elevation is adjusted manually. The helmet sight has
no control function.

Acquisition - The azimuth line and range gate are presented.
Anter:a elevation is adjusted manually. Antenna
asimuth and gate position are adjusted by the
helmet sight.

= SRS W — . - e o o b S e
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& Acquisition Control - After the gate is positioned over the
target, the operation of the acquisition
contral locks the radar to the lurget and
breaks the control links {rom the helmet
sight and elevation control. .

, gy(g %aﬁFv Factors - Radar Aguumcm -- The display of the radar plot
1 aqu on symbole need n rue relation to the outside world. A . .
dis which subtends the same angle as the present radar mcope when viewed -
_ from-the pilot!s normal position should be sufficient for a readable display;'in -

fact, it may be "too large", The amount of motion by the pilot's head required
to position the antenna and the range gate may be set at any deaired ratio of -
head-to-symbol motion. The value chosen will depend on the display size

" chosen, and the accuracy with wkich the head can be positiored and should be
astablished by experimentation. Resolution of the radar display will be con-
siderably coarser than that for more detailed imagery and therefore will not
define a limiting requirement on the helmet display capability.

d - ]dentification -- The primary information required
range ation of a target is the magnified image cf the target.
To assist in aligning the identification device to the target, cues showing the

direction to the target as determined by the radar sre desirable. If the iden-
‘tification device uses a 't:. size smaller than its overall field of view, the
d; oamn; should also be shown. One possibility for such a display is shown

In Figure $(a), the tracker gate is seen but no target is in the field of view
and therefore no image sppears. The cueing arrow points the direction to
the redar line to the selected target. In Figure 3{b), the cueingulymbol shows
thet the line to the target is within the field of the display but, due to errors
in the system or differences between diaplay and sensor field sigzes, the image
is still off screen. A visual search around the radar cue should bring the image
into view. In Figure 3(c), such a search has been performed, and the target
image is seen. The radar cue has been brought to the center of the screen,
and, to avoid confusion of images at the tracker gate, the symbol has been
blanked out by the display system. ldentification may be accomplished at

po! if possible, or the image may be brought into the tracker gate and
the tracker brought to lock to give a more stable view of the target. When the
tdeatification device is used without the radar being locked, the display is the
same except that no cue symbols appear.

4
g

When the identification device is used without obtaining radar lock, the enemy
craft is sighted in the real world, and the sensor is pointed at it by using the
tracker gate symbol as a sight reticle. With the gate either on or scanned
around the targset, the m ed im will be obtained, Identificstion and
tracker lock are then carried out as dascribed above, - = . .

- ldentification -~ The following controls tre usad during long-range
% ﬁcmmm: e ,

——




) \\ ¢
(a) RADAR LINE AND TARGET OFF SCNEEN ©) RADAR LINE ON SCREEN, TARGET OFF

e

c) TARGET ON SCREEN, RADAR CUE BLAMKED

S AL ULATT IR R ARTIES L LR

Figure 3. Typlical Long- Ra.nce Idonﬂﬁeation Dl-plvn

e Helmet Stggt -~ The azimuth and elevation cbannell ot the
helmet sight are used to position the identi-
fication device pointing direction,

e HMS/D Mode Control (one mode required)

Idontity -- The helmet sight azimuth and elevation angles are
connectel as commands to the respective axes of
the identification device gimbal system. The output -
of the identification device vidicon is presented on
the helmet display along with cuea of the radar point-
ing direction if the radar is locked to the target.

e Acquisition Control -- When the tarrt is within the gate of the
tracker, operation of the acquisition control locks

' the tracker to the target and breaks the command

links between the helmet sight and the identification

device gimbals, The output of the video circuits

remains on the helmet diaplay along with the radar
cues.
7




HMS/D Design Factors - Identificstion -~ In the concant antlined #or control
o1 wne 1gentification device, the device is controlled by the helmet sight rather
than being directly slaved to the radar. A direct tie to the radar would be a ]
faster meana of aligning the idantificaticn davics 10 the targei pruvided that ]
the accuracy of the radar direction angles is sufficient to place an image on
the identification device vidicon. To provide for visual identification at very :
long ranges, the telescopic sensor will necessarily have a small field of view, = = | ; |
"~ probably much less than 2 degrees. In present radars, directional errors of IR
as much as 3 degrees are not uncommon, With these equipments tied together, i 4
it would be possible for the systems to be nominally aligned and still not have |
the target in the identification device field of view. : R o g

0 INOw PR 1}

The choice between the control of identification device pointing angles by the
helmet sight or by direzt tie to the radar may be made on the basis of the
radar pointiag angle accuracy and the field of view of the identification device.
If the identification device is slaved to the radar, an alternative connection to
the helmet sight is degirable to allow identification when the radar is inopera-
tive, o

The ratio of head motion to identification device gimbal motion should be one-

to-one to provide the best operation, Use of the one-to-one ratio results in

the pilot!s head being directed to the sight line to the target in the real world

| ._..._.when he is following radar cues to the target. Under these circumstances,
.~ . -when the target becomes visible to the unaided eye, the pilot will be looking

. : at it. In the case where the target is visible but cannot be identified with the

B ' | - . unalded eye, the one-to-one ratio allows the identification device to be brought

1 17" ‘to bearon the target by sighting directly on the target.

The accuracy of the helmet sight is not a critical factor in the implementation
of this application. The pilot will aim the sight toward the radar cue (or the
actual target if he can see it) and will then search around it until the magnified
image appeare. Since the feedback of target image ie directly before him, the
-1 absolute pointing accuracy of the componerts in the loop need only be good

enough that any discrepancy between cue and image is small enough to avoid
confusion. If overall error is less than the angular radius of the identification
device field of view, the device image will slways appear on the screen when
the cue fii’ ﬁt its center. System accuracy may therefore be determined by
sensor field. :

The field of view and resolution requirements for this applicstion are dependent
on the sensor field of view and the m ication as well as on the system re-
quirements for identification range. the sensor field of view is small and

. completely fills the vidicon screen, then a large diaplv field will not be re-
R quired. A certain amount of "electronic magnitication' can be applied, but
' the amount which can be used is limited, An overall display field of view of i
: less than 10 degrees is likely. The display resolution is dependent on that of
the sensor and should be somewhat greater., The overall resolution of the
system (sensor, electronics, and display) must be sufficient that the magnified o4
image of the target be identfiable at the axtreme design range of the identifi- .
cation system, L
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Computation Requirements -~ During radar search, no HM8/D computations
are required siuce only splay functions are carried out and the displaw ie
centered on the screen regardless of the direction of the pilot's sigbt une.
When the radar acquisition mode is commanded, computation is required to
convert the head-position angles. to commands for the antenna agimuth direction
and the range gate position. No computation la requirad for the duplay until
after the udar is locked.,

After the radar is locked. tbe radar g&mbal poaition aignala snd the. helmet Lo
‘sight pointing angles are compared to determir= the direction.the helmet sight
must be moved to bring it into line with the radar, - The result of this comu-
tation is then converted into selection commands for cue f'tymbom (one Bym 1bol
if the radar line is off the display and a different symbol if it is on the display)
and direction commands controlling either the pointing direction or the location
on screen of the radar direction cues. Blanking of the radar cue near the center
of the display is also controlled by calculation of the ralative pomtiom of rldu'
sight line and helmet sight directiorn. :

In the idertification mode, calculation of radar cue positton, aelection. snd
blanking are required as in the radar acquisition mode, Caglculation of iden-

. tification device pointing angles from helmet sight direction angles is less
c¢nmplex than calculation of radar commands because of the one-to-one rela-
tionship between sight and tracker pointing angles. If ccmpatibility between
the two devices is assumed, no calculation is required., At worst, only those
calculations needed to provide signal compatibility are required. :

Advgt%ges and Disadvantages -- The muin advantage of the approach te long-
range identification is that one man can perform functions that presently take
two men. Furthermore the pilot can perform the function rnpidly while main-~
taining visual contact with the combat situation, R

This system has a good potential of meeting the performance objactlvea stated
in Table XIX of Volume II, It has the potential of performing as well or better
than the two-man system described in Reference 1,

The main deficiency of the system is the requirement for visual search around
. the radar cue, By proper selection of tracker field of view and provision of a
nominally accurate helmet sight, this problem may be minimirzed,

Migsile Firing - General Considerations

Missiies fired from aircraft may be of several basic types, They are often
categorized by their range -- either long-, medium-~, or short-range. They
may also be categorized by the type of guidence used -- infrared, raday, or -
televigsion, They may further be categorized by purpose -- air-to-air air-to
surface, etc. From the standpoint of use of the HMS/D in the process of
launching missileg, the range snd purpose of the missile is of lese interest
than the type of guidance. The prefiring interface with the tire controi syutem
- is heavily irfluenced by this factor.,

N .
Ex]
g




4_‘.-—,
i

- 0% T

T S P T

The F-15 missile complement has not been fullv defined at thia time. so specific

relation of the HMS/D to the F-15 system cannot be made, It is probable, though.

that the missile complement ﬁna.lly cliveen will be drawn from three types of

guidence -- infrarcd homing semi-active radar nummg. ur pussive elieciro-

opticnl homing. .

' ,Prennt day infrared homing missﬂes require little more: from the HMS/D

system than the fast, accurate lcck of the radar system from which they gain
their original pointing direction. . Wi,th #he radar (or other aircraft sensor)
locked to the enemy, it is only necessary to satisfy range and acceleration.

" requirements before firing the misaile, Use of the HMS/D to set up these

prelaunch conditions ig discussed elsewhere and will not be repeated here.
HBMS/D usage in firing semi-active rodar and electro-optical missiles is
discussed in the following subsections.

Missile Firing - Paasive E-O Homing Misgsiles

&ggnl Concept -~ A lT:md poteuttal system providing the performance required
"ofal

: -range missails couplea a high-perfcrmance missile with an electro-
optical tracker and utilizes the HMS/D to accomplish prelaunch lock to the

' target. A block dlngram of sauch a system is shown in Figure 4.
7 mermnnal Procedure -~ The fonawing operational steps are required:;

e  Pilot visually sights the target and places the helmet sight
reaticle over it.

e Misgsile tracker i3 slaved to the helmet sight.

e Missile secker output is presented on the helmet-mounted
display; display consists of the sensor vidzo and a tracking
gate, .

e Pilot stears the trackmg gate to the target by moving his head.

® Seeker locks when a signal of sufficient contrast is within the '
tracking gate. '

e Pilot fires missile when range requirement is met.

gﬂmlﬂf%&%g -- The most useful display informstion includes target
age, range data, fracking lock-on verification and radar pointing direction
A possible display. format is shown in Figure 5, _

The use of the display is similar to that dsecribed for the long-range identiﬂ~
cation device. The radar direction cues ahowd in Figure 3 and the sszociated
text may be used in an identical manner with this display. At shcrt renges,
however, the radar is used primarily for ranging rather than location, and is
not lblolutely needed to launch missiles, The range dilpla) shows present

10
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. S «range to the tnrget and lethal range envelope for the missile to be fired. - :
- A T “uTracker lock to the tprget is shown by the fixing of the target to the cross- )
- - hsirs but may also be signalled by the appearance of a discrete aymbol on ‘
* N }3!13, display or by disappearance of the gate symbel,

N s qng-g_l_g -- The helmet sight is used to direct the missile's E-O tracker to
B :z_‘-.vj e -the target. Azimuth and elevation channels of the helmet sight are connected
i 1 . * -ut a one-to-one scele to the respective gimbal drives on the tracker. Thus,

' “when the pilot looks at the target he is also pointing the tracker at it, For

Bt i . short-raoge raissiles, this will likely be the normal method of aiming, In

B ,;:;', uhlittm 1Q.the. helmet sight, three controls are required:
B L

. HMS/D Mode Control (one mode required)

& ! ... . EBE-O Missile -- The helmet sight outputs are connected to the
g .. .. missile tracker gimbals, commanding position at a one-to-one
- " ratic of head moticn to gimbael motion.: The video output of the

E-O tracker, which includes the tracking gete symbol, is placed :
on the helmet display. If the radar is locked, radar direction cues '

: - and present renge are &lso displayed. The lethal range envelope Co

y. ). for missile proprogrnmmed and sslected by the choice of

y L .. weupons.

. e i e # e n o
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¢ Acquiagition Control -- When the necessary contrast elements
of the target are in the tracker gate. oneration of the acquiaition
contro! locks the tracker to the target and breaks the command
links from the helmet sight. If a discrete indication of tracker

-~ mnle Semmmenn ble oo LAssoabou .o 2 . . .
leck iz uscd, fesdback from the tiacker Lé uded ¢ command

the symbcl onto the display.

P B i

8 Firing Control -- When the minsile tracker has been locked to
‘the target and the range requirement for 1sunch his seen met, -
operation of the firing control releases the weapon. The firing
control is interlocked through the HMS/D mode control such as
- to allow the pilot to arm those weapons he expects to use in an
engagement beforehand and make the final selection of weapone

by the setting of the HMS/D mode.

HMS/D Design Factors -- The factors influencing the HMS/D display for this ,
application are ar to those influencing the long-range identificstion video
system., The field of view of the display should be at least as great as the
real-world field of view of the senaor and muy larger de on senaor

- magnification. Rasolution of the display be alightly better than thet of
.the sensor, and resolution of the overall system should be similar to that of
the long-range identification system, Accuracy of the helmet sight/tracker
gimbal system again need not be extremely fine since the spplicstion ia a o
closed loop, with the pilot able to check on the actual of the ‘ggnaor
by observing the target image on the acreen. In the worst case, ovarall ... .
accuracy equal to the angular radius of the sensor tield of view would be. .
usable; however, it might result in some confusion to the pilct as he saw the
real-world target at the edge of the screen while the sensor image was st the
center. System pointing accuracy on the order of half the sensor field radius
should avol. this problem, Since the missile tracking sensors are likely to
have wider angular fields than the ideatification telescope, this Liny not indi-
cate a tighter tolerar.ce than i# required for long-range identification.

Since the missile launching process will probsbly be accomplished st short
ranges, the target aircraft will normally be visible to the unaided eye. The
most cesirable approach will be to sight on it Girectly, and, to do this most
easily, a display which allows the pilot to look through the display st the target
is-cesirable. This allows him to use the missile tracker &m as a sighting
reticle and line up on the target directly., Direct view of the target by the same
eye which sees the di;rlqy should minimize difficulty in use of the eqﬁmtnt.
The pilot's attention will probably alternate between the real tacget the
display, and the "aee-through" mechanization should allow this alternation

with the least difficulty. '

Since the range to the target is a very desirable parameter to have during a
missile attack, and since the time to take multiple steps during a close-in
engagement is severely limited, consideration should be given to a tie to the
radar which would bring it to lock along with the E-Q missile tracker. This
approach, if mechanized, would allow the short-range attack Lo begin in the
E-O missile mode and in one operation bring both sensors to bear on the target.

13
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The preferable mechanization would be to tie the radar to the tracker since
_tracker lock is likely to require leu time than radar lock. Once the tracker
locks, it would hold the radar ia llae long envugh io aiiow it to lock aiso, ‘Lthe
display would provide direct indication of radar lock by appearance of the range

' md cueing symbols.

Digsadvan 8 <~ The use of the HMSID in this app.ltcntiou offers
the mary advantage o ing the entire attack to be made witkhout looking
down into the cockpit, Particularly, ifthe tie to the radar ir made, the weapon.
and range sensors are sirmrultaneously locked to the target, and all information
relavant to release of the missile are presented directly to the pilot. The sya-
tem is particularly good st discriminating among multiple targets, ard it has -
the advantage of automatic compensation for sighting errors and wing flexure
errors which would affect an open-loop system,

The system is at a disadvant under conditions of bad visibility when clouds
or overcast may prevent sight or lock of the miasile tracker. Unless the
missile tracke” is capable of operation under very low-light-level conditions,
the. m is 10t ussble at night unless some t of illuminator is provided.
sion of a missile tracker that is capable of low-1light-level operation is
: ::1 out of th.th util:ni.l and vttth .:tcth ! tracker thef tie bctwee:xhradm-l :‘}wéug .
through-the-missile sighti ers a means of extending the per .
_ ? dusk if not to complate darkness. The system
appoars to meet the requirements of Table XX of Valume II of this report.

n_ﬁg. 1 sile Fgm - §gmi—active Radar Homing Miasiles

’ mgeﬂ -- The HMS/D can be used with o semi-active hoining missile
such as the 7 (Sparrow). The display provides a capability to verify what

the radar is locked to and presents csnge and lethal ennlopo information. A
block disgram of the system is ghown in Figure 6.

~Qperationsl Procedure -- The following operstional steps are required;

¢ Pilot sights the target with the helmet sight.
‘s Radar is servoed to align with the helmet sight.

e Pllot retes the acquisition control, and the radar searches
s small fleld around the helmet sight direction,

# Radar scjuires the target.

e Radar tracking direction is displayed on the helmet display along
" with range and lethal envelope.

e Pilot tires the missile when range requirements are met.

"@. Pilot uses the halmet sig‘bt to maintain target ulumination
‘ during missile Right.
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Information Displayed -- The displayed information inbludu'radar polnitng
—direction, target range, and lethal range envelope. A possible format is
- shown in Figure 7, S .

A - ——r s o2 Oan o

. o S\ RABAR DIRECTION CUE
4
(4

' ' | ——— REAL TARGET 3EEN i
THROUGH DISPLAY :
&f&%x\ "’(
1‘1-‘\
[ \ .

R

" “Figure 7. Possibie Semi-active Missile Launch Dioplay

If the radar has been locked to the targst pravicusly, the radar direction cues i

- aad range/lethal range disploys described previously appear on the dis- i :
: . Mdbekmthcmumtmilmwmwnﬁctmt ‘
the display and noting that the dire cue lies over thetarget. In §
|

the event that lock is lost while in this mode (or if lock has not been

o achieved when the mode is sslected), the direction cues and mrt range are

- not available, Instead, automatic selection of a quick radar lock mode i

; a reticle is pressated on the helmet display. Radar lock

' by sighting the target. Re-establishment of lock sutom atically
returns the digplay to its original condition. The use of the quick lock mode

for the radar i{s necessarily restricted to short ranges where an automatic range !
gwts can be used, '

~- During the radar quick lock mode, the helmet sight controls the
direction of the radar mmmrmmmntzﬂuﬂu
» Control of the transfer between radar Quick lock mode missile

Ml.mmmudmmmmlyonvmrthcrﬁuum. \
mMﬁmqn also required: , ‘ ;

.o HMB/D Mode Control (ons mode required)

Ssmi-active -- If redar is locked, radar direction cues and

POE PRSP

i

target range/lethal range indicator are d. If radar

i - is not locked, a sighting reticle is placed on display and
S

,:-_*"ﬂ 7 . 7 18
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sonnscisd 55 A Gie -w-une scale to e regpective gimbal drives
of the radar. Transfer betwoen the two pouibh conditions is
automatic as the radar locks ud ualodu

e A moncm--mummmmuumdmm.
t sight, operation of the acquisition control -
gats to move to the target. Loektothchmt

is mﬁumﬁc n the range gete reaches it.

¢ W--mumumnmmm T
' ina it for the missile, and the launch range roqunmmtor '
n.umt. &opﬂotﬁnnﬁomiuua
control. control is fanterlock
Dmodceonu-ol 1 that the pilot ma umanmvctpou
heexpecutouu duringmchmcnt make the final gelec-
tion as to which will be fired by setting the HMS/D mode. An
interlock is also providcdtnprﬂlltwdt mbafors: . .l -
the radar is locked. B S B "'__‘5"},

HMB/D De cmmc.mmrqﬂmrﬂ "

lymholc ,
each ohcr A §-dagree mu NMMMM —

Helmet sight sc nqunmmvmd-pdnﬁ-woanhrmdﬁ
more cuhrcl;r::yhbomwﬂﬁlmdh ts made for scanning
the beam around the nominal sight line dur Pressnt radars
can be expectad to lock to targets more then wam»-wm‘m
lines An overall accuracy for the halmet sight/radar gisabal system of 1.
to 2 degrees is probably satisfactory for (s BRPHAAMIP.. - roevemmerm TrE
Co tion irements -- meompuuﬂoumdbrmm

en descr pre quhclndoﬁumcﬂm-dmd
direcﬂonn cues, the ulocﬂanuul Molm
play components, and the translation of from hchutt d.‘ht
mmtbrmthtbtbrmtmdbyﬂnrmmm&iw. A paw com- X
putation function required in thia lmumumnuuofhpnmot &
the radar lock sigoal and the selection of the proper mode copmections for :
ughtmdduplay o R

é
i
{
the azimuth and elevation outputs of the helmet light are -

B
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Fixed Gun Flring

The HMS/D can be uaed in a fixed gun control syatem to lock and relock the

radar to the ta ‘r}et to replace the present head-up display in presenting the
desired gun lead nugle coonmand, and to determine target llne of light with
rupoct to the atttcktng uircra.ft

There are three approachu to mechanizing © fixed gun system:

. The currently used lead computing opucll sight (LCCB) preuntatlon
may be employed. [nformation can be displayed on either the head-
up display or the helm;-t dhplny and the helmet sight uged to steer
and lock the radar.

The helmet sight can be used to direct and lock the radar to the tar-
get and the radar then be used to give target range and relative
amhrntotorudmctormlt‘ma ion.

‘nuhdmntll.ht can be used to steer and lock the radar to the target,
and the target rate for the director sight can be calculated from the

aircraft rate gyros plus chmgia.hennotl les as the not con-
tiaaes to track the t:lr‘ﬂ fgtt ang! P N

In the laiter two approaches, either the head-up display or the helmet display
may be used to display the aircraft steering signal which establishes the
desired lead angle. Both these approaches result in 2 director sight rather
than the mmonl 1LCO8, and both should give bettor results -if they can be
impliemente

A vital part of the operatica d an three concepts is the ready availability of

the radar, locked to the target and providing runge data. Falilure to lock the
radar or to keep it locked once the engagement has beei started iz one of the
most sericus problems in present day aerisl combat, ‘Che HMS/D quick radar
lock mode deacribed in the section on semi-active missile attack offers a
rapid means dlockl.ngthe rldtrandmformapnnofm of the three con-

- .Gepts chosen.

The LCOB concept haa shown itaelf to heve a number of dis es. Fire
camtral computation is based on measurement of the engular rate of the
attacking aircraft and assumes this to be the rate of the enemy. The uunmp—
tion is true only when the sttacker is tracking the enemy, and it results in
larﬁ evrors during the period when the attacker is com into position to

an attack. ese errors take the form of large fluctuations in the sight
retlcle position and result in both false indications of Iiring opportunities and

| feilare to indicate true firing oppartunities. Because of these deficienceu,

the best opportunity for improviag gun fire accuracies iz to implement a
director sight system which actualiy measures the angular rate of the anemy

'_ 'au-cuft
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Of the twn dlresctor sicht consests cutllned abuve, ine one whnich utiiizes

radar angular rate information is more desirable from the standpoint of the
pilot. The other concept in which the rate of the opposing aircraft is taken

frwmn the heimet signt as the pilot ‘racks the target, impuses a very difficult
task on the pilat, Figure 8 illustrates the problsm. To secire continuous

T
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Figure 8. Director G t Disp Requiring Continuous
Tracking wm/D o -

rate information on the eneiny aircraft, the pllat must continuously track him
with the helmet gight. This in itself may be a difficult task; but, in addition,
the pilot must try to steer his own craft in order to line up a steering symbol
which indicates the position in which the proper lead angles exist. The com-
bination of the two difficult tasks is undesirable and should be avoided if
possible, By taking the opposing aircraft! s rate from the radar, ocne of the
tasks can be eliminated. For that reason, the second of the three concepts
outlined seems to offer the greatest opportunity for being both achievable

and an improvement of the gun fire control situstion over that now existing.

General Conce? - The helmet sight is used in the quick radar lock mode to
ock the radar to the target and to relock it as necessary during the continu-
ing engagement. Both range and enemy aircraft angular rate are derived
from the radar angle outputs. The director sight computations are performed
by the fire control computer which generates commands to position a steer-
ing symbol display. The gun sight symbol is presented on the helmet dis
and is stabilized to the armament datum line of the aircraft by feedback of the
helmset sight angles. After the radar is locked, the pilot guides his craft te

19
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bring the steering symbol into line with the enemy. A block diagrnmidf the

-system is shown in Figure 9.

- Operational Procedure - The following operational steps aéé r‘edglred:

e Pilot locks the radar to the target using the quick racar ..
- lock mode, - T o : -

e Radar provides target range and relative angular rate
measurements, ‘ ’ "

e Fire control computer solves the director sight computa-

tions and commands the position of the steering symbol
on the display.

o . Plot steers the aircraft to place the steering symbal
over the enemy craft.

e Pilot tires guns when the symbol lines up with the enemy.

e Pilot relocks the radar as necessary during the engage-
ment. Transfer between the gunsight and quick radar
lock displays is by manual gelection. Return to the gun-
sight display is automatic with relock.

Information Dh%%ed - The information required for the quick radar lock
e was descr previously -- a simple sighting reticle for pointing the

radar at the target. After lock of the radar, the cues and range display
previously associated with radar locking tasks may be despensed with. No
cues are needed since the enemy is at close range. No range display is re-
quired because the range is used in calculating the lead angles which are
then displayed. A single steering symbol is presented for the gunsight dis-
. Figure 10 shows a possible display format. In the event that the radar

‘unlocks during the engagement, the normal action would be to re-establish

lock. It is poasible, thuz:. that if unlock occurred just as the guns were
to be fired it would be desirableto continue with the attack rather than being
suddenly faced with a different dlnzln?. For that reason, the transfer be-
tween the gunsight display format the quick radar lock format should
not be automatic. Neither, however, should it require the pilot to look down
into the cockpit. A suitable arrangement is to utilize the acquisition control
in a toggling circuit which allows it to command the two formats alternately.
An unlock warning is required on the gunsight display to show when relock

is needed. No similar discrete is needed on the quick lock display since

.the change to the gunsight format is automatic with radar lock.

20
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() GEFORE AADAR LOCK (A AFTER RADAR LOCK \
' o UNLOCK

WARNING

Figure 10. Possible Director (}uns'lght Display

%gg;%i- The helment sight is used to direct the radar to the target during
e quick radar lock portion of the task. During the time that the gunsight
display is on the display, the helmet angles are used to move the entire
dwapiay such as to maintain its alignment with the aircraft armament datum
line. Three othor cantrola are required:

e mmm_m«me mode required)

 Guns - If radar is not locked, the helmet sight outputs
are coupled to the radar gimbal drive on a one-tc-one
scale. A sight reticle is presented at the center of
the helmet display.

If the radar is locked, the Lhelmet sight angles are used
in the fire control computer as a correction on the pos-
"ition of the ateering symbol in order to majntain dt in the
correct relation to the armament datum lipe. The ateer-

ing symbol is displayed on the helmet display.

) W -~ If the radar s not. locked, it will be
" directed toward the target by the helmet aight and locked ¢to
" the target by operation of the acquisition control. At the
short ranges involved with gun engagements, an automatical-
ly positioned range gate may be used. If the radar has been
locked and for any resson unlocks, a warning of the condition
ars on the gunaight display. In this condition, operation
the acquisition control causes the quick radar lock mode to
be re-establishied.
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e Firing Contro -« When the gunmght steering symbol has
pen alimnad with the taigel, ine ilring control ia used to
fire the guns. As in other weapon applications, the firing
control ie interlocked through the HMS/D mode control
io ensure the firing of the weapon for which the sight mode

has been gelected.

HMS/D Des?n Factors - The field of view requlred for the helmet display is
determined by the amount of lead angle required for the gun fire solution,
since the steering symbol must be deflected through those angles. Lead

angles on the order of 10 degrees may be expected, and, since the display
mist be capable of this deflection in any direction, a total field of 20 degrees-

. - ia calleg for.

Helmet gight accuracy required for thie appllcatio:n is set not by the radar
pointing function, which need be no better than that described previously, but
rather by the need to stabilize the display relzative to the aircraft armament
dutum line. Any error in this stabilization is a cerresponding error in the
alrcraft steering symbol location. A goal of zero helmet sight error in the
center 10 to 20 degrees of its active range is desirable, With the present
gtate of the art, errors corresponding to an error of 8 or 9 feet at the ex~
treme range of exiattng guns are feasible over this range.

Ancther factor bearing nn the overall implementation of the director slght
using radar angles is the difficulty which has been experienced in securing
noise-free angular rate from radars. The use of the concept is dependent
on noise-free rate signals, In the event that the radar to be used in the
particular aircraft cannot deliver the required signals, alternative sources
must be explored, or a different approach must be taken. In this regard, a
potential contender would be the quick reaction or "hose type" sight which
calculates and displays tine bullet trajectory and allows aiming with a tech-
nique similar to that used with tracer bullets.

Computation Re uired - Other than the baslc fire control computation, only
the computation needed to allow the helmet sight to direct the radar pointing

angles is required. The computation of lead angles takes the form:

AU = -(w_ R +~5§QB aln 9 cos 6R

A0 = -(w )t +g5_(293 + gcos ¢ cos 6R

(V +V)

and tf is determined from
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%, . W, = enemy rate megsured from radar angles
r r

= B = angle-of-attack and sidesiip
R = range measured by rada-

Vm = gun muzzle velocit;

V = aircraft velocity

t, = bullet flight time
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] : Ko = bullet constant

'@, 8 = roll and pitch angles of aircroft
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Advantages and Disadvantages - The use of the EiS/D in the firing of guns
olfers a great advantage In allowing the rapid lock of the radar to the target,
By raking the radar ranlﬁe available, the computation of a solution to the
fire control equations will be improved no matter what sight mechanization P
is used. If the problems associated with the goneration of a satisfactory P
rate gigna]l from redar (or other sensor) tracking data can be solved, the -
greater assurance of having the sensor locked to the ta,rget makes the imple- o
‘mentation of the director gun sight a possibility..

R ST NV - RN FW W

2 o

thz small error allowance for the positicning of the diaplay relative to the
srmament datum line. This may impose very strict requirsments not only :
on the HMS/D system performance but on the physical alignment of com-

ponents in the aircraft. . _ .- |

t ‘ - The principal disadvantage of the helmet sight/display in this applicatlon is P
E
b
E
b
l

S AIR-TO-GROUND COMBAT APPLICATIONS

Air-to-ground combat applications considered were: (:) long-range terget
acquisition and identification;(2) target location and navigation updat lng (3) .
missile firing; (4) fixed gun firing; and (5) bombing. '

[P ]




Long-Raname Tarzet Acquisition and ldsuliicaiivn

Genenl Concent - In attacking zround targets, visual target acqguisition and

cation is of great hnporta.nce since radar displays are often badly
cluttered The use of the long-range electro-optical identification device for
target identification is a very likely mods ‘t:f”ogermcn for any aircraft equipped
with such a device, The HMS/D would bs in much the same manner as
described under air-to-air combat applications, with the exception that radar
cues to guide the identification device to the targer would seldom be available.
By scunnirg the ground visually, the pilot would pick out the ares of inter«st to
him. He would then point the identification device to these areas, using the
helmet sight, and would see the video presentetion from the identification device
on the helmet display.

Operational Procedure - The following operational steps are required:

Pilot scans the ground for potential target areas oo e ’m oz
Pilot uses the HMS/D to sight on areas of particular intareet . S
Qutput of the identification telescope is presented cn tha helmet display

Pilot identifies the target; he may lock the mmncmum
tracker to the target if he wiskes

e As an option, pilot may direct the radar ll.multmounLyvithtb- : -
identification devics to measurs range to the target : v

of Factors - The cortrols required, HMS/D deaign factors, and computation ‘1'-"2?3
r;png’u'f;fa Yor this application are essentially the same as those. for the. u:mmr N
application. R

Target Location and Navigation Updating ‘ T TR (e Q

General Conce% - Coordinstes of points on the und may be determined by
use g in combination with the central aircraft computer and the

inertial navigation system. By re ‘;,’3._:,‘}*‘“"‘ a8 the aircraft moves, dsta
may be taken to allow location of :nd point by triangulation. The
technigue may be uswea either to locate a ground target in such a way as to allow
return to the target for a leimar attack or to insert data on na checkpoints
into the position update computations. Both uses of the HMS/D have been thor-
oughly tested uri.n¥ flignt tests conducted as part of the TACREACT program
(Reference 2), block diagram cf a system for this purpose is shown in
Figure 11,
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Operational Procedure - In the navigation update mode the operational proced-
ure includes:

e Pilot sights checkpoint through helmet sight

e Pilot sets switch to begin update; readings of
angles to the target are taken automatically at
a rate of 5-10 per second

o Pilot releases switchto stop data acquisition

[ Neﬁ position ahd update position are calculated
and displayed for pilot verification

e Switch is set to ingert update coordinates

In the target location mode, the pilot procedure is the same as for navigation
update except that after the target has been located, the pilot maneuvers to
attack guided by cueing symbols on the helmet diaplay. ‘

Information Displayed - For daytime use, a target reticle must be dilpllyed
imﬁ%g?mg on the ground point. The navigation update valid-
ity check data may be presented on the helmet display or on the navigator =
control panel. Since the navigation update task is performed under less de-
manding circumstances than the combat tasks previously discussed, it ia
possible for the pilot to look down into the cockpit without penalty during

this task. For night operations, the same procedure may be used if the
checkpoint {8 {lluminated or can be i{dentified in the dark. Otherwige, a
pointable sensor with its output presented on the helmet display is requu-qd

a3 a guide to sighting.

For target location, the position of the target is compared with the aircraft
position, and the error signals are used to position cues to direct the pilot
back to the target. The same cueing symbols discussed previously for in-
dicating radar direction may be used for this purpose. An additional cue {s
required if it is desirable to indicate that the target iz behind the aircraft
and therefore out of the range of the pilot! s head motion. Figure 12 shows
a possible sequence of cuelng signals for thie purpose.
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Controls Required - For either target location or navigation update, the
s es data inputs to the position computation. If a pointable
i densor is used for night operation, the helmet sight is used to direct it to

the u;'gct. In addition to the helmet sight, the fallowing controls are re-
. quired:

e HMS/D Mode Control

b Target Location - The helmet sight outputs are con-
‘ nected to the computer to provide data for the location
calculations. Target location cues are placed on the

helmet display and located in accordance with com-
puter command

Navigation Update - The helmet sight provides the same
- function as in target location. The information re-

‘ quired for update validity check may be displayed on
the helmet display if desired

In both modes, the outputs of the helmet sight may be used to puint a
sensor (low-light-level TV or IR) for night observation of the ground

target. If this is done, the video output of the sensor is presented on
- the helmet display.
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° Ac ulultlon Control - Operation of the acquisition control
racking the target with the helmet

li-ht omu-- the computar ¢o tako
of the helmet sight

operated. The contr
by the mode control.

] ng%tion U%te Control - After the update calculations
ve been com e e new position haus been check-

ed for validity, operation of the navigation update control
{nserts the corrected aircraft position into the navigation

system. This coatrol ig actually a part of the navigation
system rather than the HMS/D system.

el evanmdleon me

- mwu A CEM [}
es as long urt‘l'ae control is
also starts the calculation selected

Computation Required - Two different approaches to the calculation of tar-
gets on the ground have been used with helmet sight systems: (1) triangu-
lanon and (2) altitude-range. In the triangulation method a minimbm of

two sights and the measured distance travelled between sights are required
to determine the planar position of the target. Additional sights and dllhace
measurements improve the measurement of tu;iet pouition, %’m
series of angle and distance measurements at short intervals
by and by using appropriate filter technlque-, an optumun mwm ol
target position is derived. .

e —— ..M-'a—‘ J-.moa-.) A ima aw

The altitude-range method of target location uses the bearln. and depression
angles to the target and the radar altitude of the aircraft. A single sight is _
required, though the measurement is improved if the target is sighted re-
peatedly and the series of calculations averaged to get the actual position.
This method is most accurate over flat terrain where the target is at the
same elevation as the point immediately below the aircraft,

Both methods provide target position in sircraft coordinates. An additional
angular transformation is required Ln order to get navigation coordinates

for the target. This transformation requires knowledge of the aircraft pitch, 4
roll and yaw angles which may he supplied by the attitude reference system.

HMSéD Dengn Factors - No new design factora for the HMS/D itself are . ’
roduce \ls application. } 4

Advamn:‘gs and Dtsadvmages - In present air-to-ground attacks, the ap-
proach to the targe ed to particular angles from the aircraft, and
many attacks require a run toward the target. Comments from pilots indi-
cate that the defenders on the ground are aware of the limitations on tactics
and are well prepared for them. If a second run on a target is required,
the chances of damage to the aircraft are high. The use of the HMS/D offers i
a means of broadening the limits on air-to-ground attack tactics. The ad-
ditional load of computation needed to provide both target location cues and

navigation update calculations iz a slight disadventage in terma of computer
capac ity required,
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Missile Firing

Mission performance objectives of high-speed aircraft for air-to-ground
missjle delivery include: coffset delivery capability, quick reaction, and
launch and leave capability. These objectives may be met by use of the hel-
met-mounted sight and displuy to steer and lock-on TV seekers similar to
those used in the Walleye missile. The HMS/D can be used to overcome
some of the difficulties of the Walleye system. Theee difficulties include the
requirement that the aircraft be pointed at the target to accomplish seeker
lock-on and the requirement that the pilot view the aircraft vertical situantion
display while accomplishing lock-on.

Improved performance could be obtained by mechanizing of an HMS/D-Wal-
ley system similar to the E-O guided missile-HMS/D system described in
the subsection on air-to-air combat shown in Figure 4.
The operational procedure thus would be:

e Pilot visuslly acquires and identifies the target

o Pilot sights the target through the missile TV
tracker and steers the tracking gate to the target

The controls and displays required for air-to-ground miasile delivery of an
electro-optical contact track’ng missile is very aimilar to that dlscussed for
the air-to-air E Q guided missile discussed previoualy.

Bombin‘

The HMS/D in conjunction with an accurate target tracker can be used to
provide accuracy of unguided air-to-ground Weapons such as bombs cr
clyster munitiona. -

Assuming that the E-O identilication device has been locked to the target
during the acquisition phase, thie tracker could provide angular rates for
the bombing asolution while the radar, slaved to the tracker, provided con-
tinuous target range. As an alternative, a laser rangefinder may be used
in place of the rudar.

For visual dive bombing, the sight line must be compensated for windage.
The compensation requires inputs from the aircraft attitude reference and
air data computer systems. separate mode of HMS/D operation is indi-
cated here. The mechanization of this mode requires the definition of a
sight line ln a fixed relation to the armament datum line much as in gun
firing. The difference is (n the compensation applied to the sight line,
Thus, the only difference between the two modes of operation is in the com-
putation, and there need be no difference in the display.
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Concept Summary

The preceding concepts for use of the HMS/D entail many relationships be-
{iween aircraft components, many possibilities for displays, many possible
combinations of sensors, and many possible combinations of controls. To
.summarize the information contained in the concept definitions, Table I
provides information ona these variables in outline form. The table provides
references to the figures and text which concern the various applications.
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Table I.
Block HM3 /D Information Coetrols
Application Concept Disgram h:l;‘m- Displayed Required
Rader search Radar plot shown cn belmet Pigure | | Radar Radar plot R
display
Radar scquisition Radar plot shown oa helmet dis- | Pigure 1 Radar Rldu-plot Mode Hed
-range) play. asimetd snd range o Gate symbol Acquisition n
gate location costralled by Cues and rlm(nm.-r Iodﬁ Antenna elevation o
helmet sight. (Figure 1) Cu
Turget identification | E Otracker video shown on Figare | Radar Radar cues Mode He
helmet display. Identification | Tracker video Acquisition
Tracker polating coutrolled bty device Range G
heimet sight (Figure 3) '
E-O missile lammch | B-O tracker video shown on Figure 4 | Rader . | Redar cuss Mode He
belmet displasy with missile lethal E-C missile to target Acquisitin
eavelope and prosent © Weapon control| Le rmo Firing
t  Tracker control 4 circuits Tracker
lod by belmet -
con
(rigure 8) R
CON
Semi-active redar Radar direction cuse, target Pigure 8 Radar Radar cusa Mode
mioelie , and lythal range envelope Wespon contraol | Range to target Acquisition
clromits Lethal rur Firing
Reticle W © rvastabl ish Sight reticle(if lock is
redar contact Lf look is bn:u. troken)
hatmet alght. (Pigure 7)
At
Pa— i
Vized gun firing Radar pointing reticle and Pigure 9 Radar Reticle Mode
stabilised sircraft steering sym- Weapon control{ Steering aymbol Aoquisition
hl shown on kelmet dieplay. circuits Piring
direction control -
hd lmet sight.
w end Groand poiat on with Pigure 11 | Computer Raticle Mode
helmet sight. for retura to Inertial navig. |Direction caes Acquisition
target shown on belpaet Attitude ref. Update command
Navigation wpdate emnm Radar altim -
muﬂwh-‘u ater (Pigure 13)
command.
Bomblag Same a8 fixed gun firing exoept [Pigure Radar Raticle WMode
in computation Weapon control| SBteering aymbol Acquisition
circuita ta Firing
T e e S O e e e e e —— -
i.
|
i S " ii .
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Mode Bead position Same a3 redar Coarss Less . Less
Acquisitica Antecas and gate position | scope n-m::lé,' .....&
blatter locﬁY Antenna elavation Cmmm“::d sosttion experiment comw of
ue sogmisition.
tommands
Leas than 10 Fine 16) Lass en
Mode ] Head position deg angaloy
Aoquisition Tracker pointing o warter
i Cua iype and position of viow.
e commands
>
Mode Head tion Less tham 10 Medi X
¢ Acquinitia ﬁndf:-"m com- deg . L1 Sea
e zarae " o |
i Cus type and position 7 :
; commands
Lethal runge selection
Range indicator position
r pos
commands
position 5 deg Coarse 1:3 Lidg w8 dug
O -l b o B |
Hock (e rine eommdl pos
: Lethal range selection
commands
Range iodicator positiea
commands
Automatic mode change
) commands
' od Coarse 1:1 Very Sas
i Acquisttion Head position. 30 deg or more
Firing Lead anygies
Bymbol positics
©o|
Mode Ground point location Small (3-8deg) | Cosrse o Fioe
Acquisition Head position '
Update command | Cuo type and position
o
Navigation corrections
Mode Heed position 10 - 15 deg Coarse |1:1 Very Bae
'] Aocquiisitien Radar pointing commands
Firing Lead angles
Symbol positiun com -
R i
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SECTION III
PHASE REQUIREMENTS

S O LI

A sequence of applications is derived for the combat phases, emphasiziug o
air superiority. A basic system is assumed for day air -to-air operations ..
which includes an attack radar, long-range identifica‘ion device, fixed can-
non, TV guided short-range missile (SRM), and & semi-active rada: long-
range air-to-air misaile. Day air-to-ground operations are assumed to be
conducted by the replacement of the air-to-air missiles with bombs and a
TV guided air -to-ground missile.

Night operations are not considered as prime requirements. However,
night attack sequences are included by agssuming the addition of a laser
illuminator for air-to-air combat and a pod-mounted forward-looking o
1 infrared (FLIR) unit for air-to-ground combat during night and degraded |
weather operations. Night air -to -ground operations also aggume the !
! development of a semi-active laser guided missile. The basic role of air ;
‘ superiority is not considered compromised if other missions may be
1 accomplished golely by add-on capability.

S e e et T O

L e
e i

amat

t— Only the esscntial display elements were considered here. Other display

| elements may be added as '"clutter" problems are solved. Use of the
display for scene imagery is held to a minimum,while maximum use is
made of simple visual cues and sighting symbols.

AIR-TO-AIR COMBAT PHASE

g

The air-to-air combat phase sequence starts with long-range radar acqui- :
sition continuing through to a close-in "dogfight.' This sequence was 5
! assumed in order to present a total concept for the use of the HMS/D

during the phage while actual combat may involve only segments of the
agsumed sequence. The applications considered relevant to this phase

B
PO - AP S U VI TN, DU W TS DR Y NS

include: ‘
: e Radar lock-on
o Target position cue 0
¢ Ildentification device control and track:
e Missile gecker control and track
e Short-range radai lock and reticle dispiay y
e Gun control

: Figure 13 illustrates the assumed sequence of applications for air-to-air
l combat. The basic advantages with the HMS/D are the elimination of
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_will appear indicating

& side siick controller, availability of line-of-sight cueing, and the
fast-reaction-afforded for close~-in ccmbat. -

The sequence starts with the radar in a search mode. A cursor is displayed
indicating the direction for commanded lock-on. For acquisition, the nilot
switches the radar display to the HMS/D while the cur3or is controlled by
the pilot line -of -sight (LLOS). The radar display is centered in the pilot's
field of view (FOV) while the cursor appears to move on the display as the
pilot's head moves. In this manner, the pilot LLOJ assumes the role of the
side stick controller. The radar scans an actual azimuth of 120 degrees
while the radar display presents & much smaller IFOV to the pilot,

Upon initiating radar track, the radar display wiil be removed, and a

symbol indicatiny the true target position will appear on the distlay. This

symbol (shown as a diamond) now appears fixed to the target and will

appear to move off the digplay as the pilot turns his head away from it.

As gsoon as the target sg;mbol falla outside the display area, R cueing arrow
e direction for visual reacquisition. A range indi-

cator appears whenever the radar is locked.

The "Identify’ mode is now selected to perform long -range identification.
Upon selection, the identification device is slaved to the helmet sight, and
video image.y i3z presented on the helmet display. The pilot aligns the
identification device with the direction of radar-lock by centering its gate
on the LOS cue (diamond). - Due to 4 narrow FOV of the identification device
4nd radar er:ors, the target image may not appear aon the display. In this
case, a amall scan is made of the cued area untll the target image does
appear. As soon as the target aircraft eniers the tracking gate, lock-on

is ‘commancded, an.d the identification device tracks the target. The image
is now stable and fixed 1 elative to the heimet go identilication may be made.
Angular tracking data is now avsilable from either the radar or the tracker.
The redar also provides range data. Long-range semi-active radar mis-
ailes may now be fired when range requirements are met. Selection o!f the
misaile places its lethal range enyelope on the range display.

When the target comes within range of the short-range missile (SRM),
gelection of tha ""SI.M" mode automatically slaves the misaile's sesker to
the pilot's LOS and presents *the seeker imagery on the helmet display for
direct viewing. The pilot tucks the tracker to the target as he did the
identification device. The miasile's lethal range envelope is» automatically
displayed when the weapon is selected.

One of the problems for close~in combat is the lack of accurate tracking
and range ‘iata for gun fire control since radar lock is easily broken and
critical timing requirements inhibit reacquinition capabilicy. The HMS/D
is considered instrumental 1or off-angle radar lock-cn at close ranges.
'This application requires that the radar antenna be guided directly by the
pilot's 1.OS and that the range gate automatically lock on an object at short

range. Steering signal is displayed and located in response to calculations
for a director cight.
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Other potential display parameters such as altitude, airapeed, heading,
IFF, target tracking data, attack warnings, and failure warnings are con-
siderad of interest to this phase but not fundamental to the basic role
assumed by the HMS/D. In the interest of simplicity, these parameters
are considered in the realm of add-on capability.

Air-to-air combat at night is assumed possible with the addition of a laser
{lluminator and a modified identification device. The feasibility of this
approach has not been studied in depth so this ig left a8 a possible concept
for night identification and attack.

AIR-TO-GROUND COMBAT PHASE , ‘

In the air-to-ground combat phase, day cperations and night operations are
considered separately since different aircraft configurationa are required.
Night operations are considered of secondary importance and may not be
applicable to the F-15. ‘

Day Operations

The sequence of daytime air-to-ground attack is shown in Figure 4. Day
operations do not include the use of radar tracking due to poor target
resolution and heavy clutter. The identification tracker is assumed cap-
able of tracking a ground target while range is derived from the radar by
sampling along the boresight of the tracker. A laser range finder would
provide more accurate data if one were available.

The weapons considered for attack include TV guided missiles, bombs,
and a fixed gun. Upon weapon selection, the identification device imagery
is automatically removed from the HMS/D and the appropriate weapon .
di.ltglay appears. For missile selection, the seeker image appears along
with a cue aymbol indicating identification device direction. The symbol
allows confirmation of tracking duta and quick visual reacquisition. The
missile's seeker is slaved to the pilot's LOS and is manually locked to the
target. After lock the missile may be fired whenever range requirements
are met.

Selection of bombs results in the presentation of an identification device
tracking cue, a steering command as determined from the fire control
solution, and a range-to-go display. The bombs may be released either
automatically of manua.u{ consistant with present options. The steering
command and range digsplay appear fixed to the aircraft while the cue moves
with the target.

Selection of the gun results in the display of a steering symbol which the
pilot uses to point the aircraft to bring his gun to bear on the target.
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Night Operations

Night air -to-ground combat assumes a different aircraft configuration in
that the identification device function must be replaced by a high -reaolution
low-light-level gensor. A forward looking infrared unit (FLIR) was.
assumed for this purpose since it may be pod mounted and has extended
capabilities gver a low-light-level TV. Laser scanners were considered
unavailable for pod mounting. A missile was also assumed developed for
night air-to-ground combat which effectively utilize semi-active laser

guidance. This requires a laser spotter to be held on target until termina-
tion.

The night operation sequence shown in Figure 15 is started with the radar
in the ground map mode for long-range target localization. A position fix
is obtained on a target area similar to the method of radar lock-on for
air-to-air combat. In this case, a position fix is dead-reckoned inertially
until the FLIR tracker may be locked on target. The FLIR mode i3 selected
slaving the FLIR to the pilot's 1.OS and displaying its imagery on the hel-
met display. The cued target area is then scanned for a target, and the
tracker is locked. Radar range is now sampled along the boresight of the
FLIR providing tracking data for a fire control solution. Selection cf
bombs or the fixed gun allows operation identical to day air-to-ground
combat except that the FLIR image remains on the display after selection.

The missile is fired after locking the seeker to a laser spot directed by
tha pilot's 1.OS.

In this case, the FLIR image {u referenced to the target as before while
the laser spot is referenced to the LOS. Missile guidance is similar to a
semi-active radar guidance except that the apot is manually held on a

target within the FLIR FOV. The state of development of such a wenpon
systam is unknown at this time. .
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SECTION IV
BASELINE DISPLAYS AND CONTROLS

This section analyzes and describes the use of the helmet-mounted sight
and display subsystem from the operator's standpoint.

Although the HMS/D subsystem has many potential applications, the air-
to-air combat application appears to offer the moat complete sample of
representative uses and will, therefore, be discussed in detajl. By con-
centrating on a single phase of the F-15 mission profile, it is possible to
specify more clearly the entire system capabilities in a concise and
straightforward manner.

The foilowing subjects are covered:

Aiming symbols

Display content and display position/movement
Necessary controls

Switching

e Operational sequence illustration

A primary objective of the analysis deacribed in this section is to insure
that the system is sufficiently flexible to permit the pilot to exercise deci-
sicn making catgability rather then be subject to arbitrary automatic
sequencing of the HMS/D subsystem. Pilot decision override must be
inherent in the systermn because no two missions are exactly alike.

In one case the pilot may be required to use medium-range missiles first.
In another he may use fixed juns first. He may or may not receive long-

range intruder warning, etc. These contingencies dictate a system which
is versatile and adaptable to any given set of circumstances. This princi-
ple i applied in the following manner: '

e Firat, the pilot can select any mode at any time without
being required to eequence through any prior modea. For
example, if the operator does not have the radar locked on
any apecific target and is faced with a ¢loae -range intruder
without prior warning, he can immediately switch to either
short-range miasile or fixed gun and the subsystern will
operate as intended. The system versatility allows the
pilot to operate effectively in any type of closure/engage -
ment situation.
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e Second, the pilot has complate authority over the system in the
matter of target selection. It will be noted that, in all lock-on
sequences, the pilot accomplishes lock by aiming the sensor
with head movement and by closing the acquisition switch. The
lock-on could probably be made automatically without the acqui-
#ition switech, i, e., pfnce gate over the target by head motion
and tracker automatically locks. The acquisition switch ie
specified for two reacons: '

(1) Iflock-on is automatic, the pilot may sweep his field
of view across the wrong target or a friendly aircraft
and accidently lock to it.

(2) Since the radar or seeker is slaved to the helmet and
doesn't lock until acquisition switch closure, the pilot
has the capability to choose at the last moment a tar-
get different than the one he has been tracking during
closure. Again - freedom of choice. He is not tied to
any target just because the acquisition sequence was
begun on fit.

AIMING SYMBOLS

It is desirable to limit the number and types of symbols within the subsys -
tem for two basic reasons. First, it is more economical to mechanize

one or two standardized symbols. Second, and more critical, standardi-
zation of tracking symbols and display informsation symbology will increase
the probablility that the mission will be successful by providing the operator
with an effective and versatile diufla{ format. Confusion and time delays
are known to accompany the use of a large number of differing symbols
requiring interpretation and/or integration. .
The use of an HMS/D systein in air-to-air combat is basic to five sighting/
tracking functions within the mission definition of an advanced weapon sys -
tem of the F-15 type. Specifically, the HMS/D asystem will be used to lock
a longvn.ng: radar tracking system, to identify targets by means of a long -
range slectro-optical (E-O) identification device, to lock an E-O seeker
for a short-range missile, to establish an accurate line of sight to a target,
and to increasa the accuracy of short-range gunnery. 'The above objectives
could be accomplished throuih the use of three tracking symbols --a reticle
a steering symbol and a tracking gate. Further diascrete symbology may
be employed as needed to provide secondary information to aid the operator
in {nitially acquiring the target and to provide range/range rate inforina-
tion. The specific configuration of the symbols is left to future empirical
investigations. For purposes of this report the tracking symbols shown in
Figure 18 .will be used.
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RETICLE STEERING TRACKING
SYMBOL GATE
Figure 16, Reference Tracking Symbols

DISPLAY CONTENT AND DISPLAY POSITION/MOVEMENT
There are four possible alternatives of display position/moye mant;

e Fized relative to aircraft axes; Data are translated in two ixes
on the helmet mountad display and are centered on the display
only :l;ton the pilot is sighting along the fore-aft line of the
aircraft. o

o Fixed relative to aircraft axes except for displacement: Data
are presented the same as in number one above except that
they are displaced from the aircraft fore -aft axis to allow fo
lead computation, etc. .

e Fixed relative to sensor pointing direction: Data are trans-
lated on the helmet mounted display and are centered on the
giaplay only when the pilot is sigh in the sensor pointing

rection. A

e Fixed relative to pilot's head: Data are not translated on the
helmet mounted display; i.e., they appear in front of the
pilot's eye no matter which direction he turna his head.

By using combinations of display elements positioned as abave display
content and display position/movement for each sequential atep nf the
HMD subsystem operation during air-to-air combat may be described.

It should be emphasized that the sketches of displays contained in this
section are representative formats. Final choice of displays will require
further atudy.

Radar Search

During radar search, the entire radar plot is displayed and is fixed rela-
tive to the head. The presentation is the same in format as is normally
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shown on a cockpit-mounted radur sco)pe (see Firure 17). The display size
is chosen to pravide the requircd »aadability and willi probably be such as
to subtend an angle similar to that of present-day rodar scopes. Extremely
large display size is likely to be a distraction rather than an assistance to
the Aar s---ch task since the time to :;can the display with the eye may
be ¢ “dec \e display covers a very large angular range. During
searcu, the rudar scans in the azimuth direction and is controlled in eleva-
tion by a manual control. Elevation control could be given to the helmet
sight, but this would impose a severe constraint on the pilot's head motion
if he wishes to see a norrmal constant-elevation scan.

T Ol

Figure 17. Radar Search Display

Radar Acquisition

Before radar lock takes place, the basic radar acquisition display from the
radar scope is transferred directly to the helmet display (see F ure 18).
The azimuth line and range gate are shown in the normal manner. The
antenna elevation is controlled by a manual adjustment as before, The
outputa of the azimuth and elevation channels of the helmet sight are used
to control the asimuth pointing of the radar antenna and the position of the
range gate respectively. The method of locking the radar to the target is
the same as at present except that the lateral and fore-aft motions of the
side-stick controller are replaced by the motion of the helmet sight. The
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Figure 18. Radar Acquisition Display

pilot positions the radar antenna to {lluminate the target and adjusts the
range gate. The acquisition switch is then depressed to lock the radar,
At the time of lock, control of the radar by the helmet sight is broken
automatically, :

The amount of head motion required to bring about the desired angular
displacement of the azimuth line and the range gate is beat determined by
experimentation. One possibility is to have the pilot turn his head through
sngles which correspond to the desired angular motion on the diaplay. is
has the advantage of allowing the head to move through relatively amall

les and of allowing him to predict directly the amount of motion that

greater stability in the positioning of the head in order to bring about a
lock. Another poasibility is to require head motion in azimuth equal to
the angle the real target ia making with the gircraft axis and in elevation
sufficient to be in ?roportlon to azimuth motion. This has the advantage
of putting the pilot's head in the proper azimuth position to see the target
directly when it i8 in range, but the disadvantage of setting the head’s
elevation angle in an arbitrary direction which has no relation to the
target's elevation angle. It also requires large head angles at a time when

the pilot may prefer to be in rloge touch with his instrument panel and
cockpit controls.
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After successful lock-on has take. place,the display consists of a target
oymbcl whiclh 1s fixed relative o the radar pointing direction and a range
display as shown in Figure 18(a). Since the symbol is fixed relative to the
radar it {8 translated on the display a& the pilot moves hisz head, By cen-
tering the symbol on the display, the pilot brings his line -of-gight to bear
on the target.

If the pilot moves his head far enough to translate the target symbol off the

display (i.e., looks away from the target) an arrow will appear, pointing

tn the direction the pilot must move hig head to regain the target direction
see Figure 18(b)].

The arrow pointing direction {8 determined by pilot head/radar pointing
relationship rather than airc.aft/target relationships since the purpose of
the cue i8 to tell the pilot where to move his head, not where to point his
aircraft.

The range indicator shows radar range to the target and is fixed relative
to the pilot's head, i.e., he sees it however he moves his Lead. A wide
variety of indicators may be used. There are alphanumeric readouts,
straight fixed scales with moving pointers, straight moving scales with
fixed pointers, etc. For purposes of this discussion, a horizontal fixed
scale with a moving pointer will be used, since it will not only give range
information but will also give cues on closure rate. When a weapon is
selected, the lethal range envelope for the weapons will be added to the
range display,.

anjgt Identification

.
k)

This sequence also has two displéy modes; one during lock and the other
after successful lock-on has taken place,

The first display mode consists of the identification device imagery over-
layed with a tracking gute and the target range readout, and is fixed rela-
tive to the pilot's head [see Figure 20{a)]. The target symbol or cueing
signal for radar direction is superimposed cver the {dentification display
and {s still fixed relative to the radar pointing direction. This aliows the
pilot to place the tracking gaie over the symbol (which points the sensor at
the target) and initiate a tight scan around the symbol until TV, imagery of
the target appears. The radar cues should be blanked at the center of the
display in order to prevent a confusing "pile-up" of images in the tracker
gate.

When successful lock-on occurs, the tracking gate dizappears leaving only
the tracker image and target symbol or cueing signal #long with the range
display [see Figure 20{(b)]. The tracker image and r.uge dis lay are fixed
relative to the pilot's head while the target symbol is fixed relative to
radar pointing direction.
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Medium -Range Missile
When the MRM mode is selectad, the fdentification device image is re-

moved. a digcrets gignal appeara indicating misaile readineas and the
lethal range envelope is zdded to the range display (see Figure 21). The
digcrete may be any symbol that is easily noticeable and identifiable. If
at any time the radar greaks lock (thereby ceasing to illuminate the target)
the target symbol/cueing signal and readiness discrete will disappear,
allowing the pilot to drop back to radar mode and relock if he so desires.

Short-Range Missile

When the SRM mode i8 selected, the 1V output of the missile seeker along
with a tracking gate i8 displayed and {8 fixed relative to the pilot's head
(see Figure 22). The range readout and target symbol/cueing signal are
algo displayed (indicating continuing radar lock and giving direction cues).
The lethal range envelope for the short-range missile is presented on the
range indicetor. When successful missile lock is accomplished, all dis-
plays except the TV image and range readout disappear. These remaining
diaplays are now fixed relative to the pilot's head. When the missile is

fired, the TV image is removed, but the range readout remains as long as
the radar remains locked.

A very definite advantage of this approach is that it gives the pilot the
ability to actually ''see through'' the missile seeker thereby eliminating
error due to wing flexure, boresight error, etc.

Fixed Gun

Selection of fixed guns removes all other imagery and displays a steering
symbol which is fixed relative to the aircraft axes (translated on the dis-
play) except for diaplacement to allow for icad le (zee Figure 23).
Position of the symbol relative to the armament datum line is determined
by the fire control computation. The pilot flies the plane to place the
symbol on the target aircrafi seen through the display.

The computation of lead angle for the gunsight requires range data, thus
requiring a radar lock. If the radar has been previnusly locked and
remains so, the gunsight display appears immediately on selecting the
guns mode. If the radar {s not locked or comes unlocked during an engage -
ment, one of two approaches to the problem may be taken. The fire con-
trol computation may insert a fixed range into the computation, in which
case the attack may be carried on with an error in the aiming of the guns
which will vary with the difference between the actual and the assumed
range. As an alternative, the radar may be locked to the target again
before proceeding with the attack, If the alternative is to be used, the
radar lock must be made quickly and with a minimum of effort on the part
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Figure 22, Short-Range Missile Display
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of the pilot. Since the enemy is likely to be at short range at this time,

{ a locking method which slaves the radar pointing direction to the pilot's
line of sight and utilized an automatically scanning range gate will be

usable. To implement this, a sighting reticle to establish the line of sight

is needed. Locking the radar should cause the fixed reticle for directing

the radar to disappear and the steering symbol for the gunsight to reappear.
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In the event of loss of radar lock during an actual gun attack, it is probably
not desirable to have the steer ?mbol disappear automatically as an .
indication that the radar i{s relocked. Instead, a discrete warning of .
unlock would provide the pllot with the information needed and allow him
the option of continuing the attack or of relocking the radar.

L

Priority Interrupts

JUNC P

A number of emergency situations may occur in the course of combat which

should be called to the pilot’s attention. These include fire warnings, low
j fuel supply, and other aircraft conditions which may affect the pllot's ¥
decisions. They also include warnings of attack from the rear which may '
be unnoticed otherwise. The outputs of radar receivers which indicate i
when the ajrcraft ig being {lluminated by an enemy radar or of sensors d
] which indicate the appesarance of enemy fighters or surface -to-air missiles | Y
i may be displayed to alert the pilot of these conditions ocutside the aircraft. ]
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The manner in which these interrupt displays arc mechanized will depend
on their urgency and on the activity under way at the time of occurrence.

it will aiso depend on ihe wisnes of the pilot himself, In a number of con-
versations fighter pilcts have commented that once he is attacking anenemy
the pilot does not want to have such warningr at all, Other commaeants have
pointed to the desirability that such warnings not be interrupts, but rather

be displayed in addition to and subsidiary to the weapon delivery displays
already in use. '

Because of the uncertainty of the degree to which such displays should
interrupt others and the manner in which they should be presented, no for -
mats for such warnings are given in this report.

NECESSARY CONTROLS

The following controls are required for the HMS/D subsyctem:

e Power - two-position switch

e Mode - six-position rotary switch for air-to-air combat
(additional positions may be needed for other applications):

Mode 1 - Radar seech

Mode 2 - Radar acqu’~ition
Mode 3 - Identification

Mode 4 - Medium-range missile
Mode 5 - Short-range missile
Mode 6 - Fixed gun

Brightness - rotary adjustment (for nominal settings: brightness
and contrast automatically adjusted to suit ambient conditions)

Focus - rotating knob (protected)

Astigmatism - rotating knob (protected)
Vertical gain - rotating knob (protected)
Horizontal centering - rotating knob (protected)
® Acquisition switch

In addition, the following display lights will be required:

¢ HMS/D power on
e HMS/D system resdy

NOTE: A malfunction indicator may also be included.
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The required controls should he in twa Incationg which may Lo ircleived
as Panel "A" and Panel "B". Panel ""A" (containing the mode control used
during combat) is located on the side of the cockpit near the power controls
and ia accegaible with a milininuiin amount of hand travel from throttle to
mode control. Panel "B" (containing adjustment controle which are used
primarily prior to flight) is located at any convenient point in the cockpit
where it can easily be reached during boresight testing. Panel ''B'" should
have some type of protective device to prevent accidental movement of the

controls while at the same time leaving them easily adjustable.

In summary, note that all adjustments and tests can be made prior to take-
off, necessitating the use of only the mode switch on Panel "A" during
flight. The only other HMS/D control switch used during flight is the
acquisition switch.

SWITCHING

One prime consideration in the switching problem ia to give the pilot capa-
bility to do as much of the necessary switching as possible without looking
down into the cockpit. Another prime consideration is the number of add{-
tional switches required for the HMS8/D subsystem. A cursory examina-
tion of any modern day aircraft cockpit will quickly reveal that in many
instances the pilot {s already seriously overloaded.

Only two HMS/D subsystem switches are required to be used during engage -’

ment--the mode awitch and acquisition switch.

Mode Switch

Specific modes or submodes of the HMS/D subsystem are in parallel with
and serve certain weapons modes. One approach then, {s to have the
HMS/D submodes or sequences initiated by the weapon gelection switch on
the ordnance panel. This approach has a distinct disadvantage, though, in
that it requires the pilot to look down into the cockpit each time he selects
a weapon.

An alternative and seemingly more attractive approach i8 to have weapon
selection controlled by HMS/D mode switching. This alternative has the
following advantages: .

e A sharply detented rotary mode swiich can be set without
looking down into the cockpit. Positive indication of wea -
pon mode gelected will be given by display format.

e HMS/D mode selection and weapon selection are accomplished
by the same switch, thereby reducing the number of sepa-
rate switches which must be operated during the combat
engagements.
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Seven HMS/D subsystem modes are required for air-to-air combat. These
are:

Radar search

Radar acquisition

Identify

Medium -range misnile

Quick radar lock

Short-range missile

Fixed gun

Acquisition Switch

The acquisition switch should be located either on the control atick or on
the throttle. Either of these positions allows the use of the acquisition
control by feel ingtead of by visual location. A third possible location,
which {8 only slightly disadvantageous, is adjacent to the radar antenna
elevation control. If the elevation control is properly located and suitably
sheped to assure proper operation without visual effort, the acquisition
switch may be located with it. Since the acquisition switch replaces the
radar lock control, its location with the other radar control would be in
line with present practice.

The normal sequence of control operation for any of the HMS/D modes is
generally as follows:

(1) Select mode

(2) Point sensor

(3) Operate acquisition switch

(4) Operate firing trigger (weapon delivery modes)

This sequence is examined in more detail in the following paragraphs.

OPERATIONAL SEQUENCE ILLUS TRATION

The following procedures summarize and link together the descriptions of
aystem operation {n the preceding paragraphs:

® Asp the pilot approaches the combat area, cor at any time he so
chooses, he sets the HMS5/D mode switch to "Search'. This

displays the radar plot on helmet display thereby allowing him
to search for target returns without looking down into the cockpit.
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Wrlen the pilot decides to lock the radar to a target, he switches
to "Radar Acquisition'' mode, places the range gate over the
target, and presses the acquisition swilch, Buccessiul lock is
indicated by appearance of the ''radar lock" display format which
includes range data.

As closure continues, the pilot selects the "'ldentify'' mode.
This causes the identification device to slave to his sight line
and displays the TV ocutput along with a tracking gate and
target eymbol. The pilot initiates a tight scan about the

target symbol until target image appears on the display. De-
pression of the acquigition switch then causes the tracicer to
lock. Successful lock is indicated by dissppearance of the
tracking gate and appearance of range data (the latter asgumes
that the radar is still locked). The image i8 now fixed relative
to the pilot's head, allowing him to continue monitoring the
target while doing other tasks.

When appropriate range is reached, the pilot gelects ' MRM"
mode. This automatically activates the appropriate medium-
range migsile. The display remains the same except that a
discrete appears indicating missile readiness and the missaile’s
lethal range envelope is added to the range display. The ptlot
then releases the missile by depressing the trigger., The sys-
tem automatically sequences to the next medium-range missile,
and the pilot monitors hit or miss either directly or on the
identification device.

Assum misses and continued closure, the pilot then selecta
the "SRARM'"' mode. This automatically activates +he first short-
range missile, places its secker output and a tracking gate on
the helmet display, and slaves the migaile seeker to the pilot's
sight line. The pilot then locks the seeker to the target by
placing the tracking gate over the target and depressing the
acquisition switch. Successful lock is indicated by disappearance
of the tracking gate and appearance of the range data. The pilot
then releases the missile by depressing the trigger switch. When
the missile is fired, the system automatically sequences to the
next ghort-range missile, and the SRM sequence restarts.

A closure continues, the pilot selects the ''"Guns'' mode. This
arms the cannon and places the steering symbol on the helmet
display. The symbol is fixed relative to the aircraft axes except
for lead angle displacement. The cannon is fired by depressing
the trigger switch when the plane has beer. maneuvered to place
the steering symbol on the target.
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The idealized sequence of air -to-air combat described above is illustra-
ted in flow chert form in Pigurc 24, Alsc shiowu in lhe flow char: are a

few of the alternatives which may be used. In addition to the alternative
sequences shown in the chart, the use of the EMS/D (and the armament it
conirois) may be initiated at the head of any column on the flow chart and
may sequence in any order, The control method chosen appears to offer
great flexibility and gr- it simplicity at the same time. The HMS/D mode
control 18 the only "new’’ control added to the cockpit since the acquisition
switch replaces the radar lock control, and the firing switch is a part of
the cockpit already. In terms of controls used during the combat engage-
ment, the mode control represents a reduction in contrals rather than an
addition because it repleces the selection switches for the various weapons
used. Siinilarly, the acquisition switch replaces not only the radar lock
control but also similar controls in the identification subsystem and the
missile control subsystem. Thus, the overall result of the use of the

control system is a reduction in the number of switches which must be
used during combat,
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Figure 24. Flow Chart of Idealized Air-to-Air Combat Sequence
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SECTION V
INTERFACES

SENSOR COMPLEMENT

The instrumentation on the F-15 ig likely to be highly restrictive from the
standpoint of weight, space, and the drag of protruding objects such as lenses
and antenne housings, With the selection of sensors being somewhat rigid
and the number small, it is clear that any HMS/D application having unusual
requirements in space, weight, or external mountings will be difficult to
implement. The sengors likely tc be included on the F-15 and the application
areas for the HMS/D related to those sensors are as follows:

" W T v TR =
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e Radar - A high-performance radar is likely to have top priority,
* The dish antenna location in the nose occupies the premium
space for sensors on a high-performance fighter, The antenna
dish is a yard or so in diameter, and it must be deflected +80
degrees so the nose cone of the aircraft can be regarded as
being totally allocated, The radar will be the main "eye'' of the
whole system, whether for search, attack, or navigation.

e e L Saade 4

e Fassive Radar Receiver - A broad-band receiver responds to
radar pulses emanating from remote sources. The intent is

I to alert the pilot to the poasibility that he is being tracked by

; radar, The unit should provide directional information at least

! to the extent that the quadrant is indicated,

!

=g

e Rear Warning Device (IR) - A rearward looking, IR acanner
detects misgﬁes or aircraft approaching from the rear sector.
It can indicate the presence of several missiles or aircraft,
within its cone of sensitivity,

e Long-Range ldentification Device -~ The long-range identification
evice conalats of a teleacope with a viaicon pickup tube and

remote CRT display. It is particularly suited to the helmet
display. The device i3 not yei operational, particularly for a
single-place mircraft, However, it should be possible to satiafy
this requirement, and, if it has an automatic tracking capa-
bility, it should be particularly useful on the single-place F-i5,
It will probably be a part of the sensor complement because it
is the only reliable means for visual identification of aircraft
which are beyond range for direct view with the unaided eye,
It is probably limited to daytime use though it might be extended
into low-light-level uses.
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™ Radio Receivers - Several types of radio receivers can be ex-
pected on the F-15, These include voice communications,
data linl  and suéomatic dirccticn flidlug (uavigaiion), There
are also transmitting units associated with both the voice
communications and the data link,

e Mirsile Seekers - The homing devices which can be expected on
missile heads are infrared, electro-optical, radar, and semi-
active radar, Provision for at least two of these will likely be
made, While these misggile sensors are not part of the actual
aircraft, they must be treated as such because, during the pre-
release state, they are linked with the HMS/D and/or the radar.

This completes the tentative list of sensors which are expected to be of impor-
tance to the HMS/D applications which are external to ihe aircraft, Any pro-
posed uses of the HMS/D must deal with this list.

Some comments should be made about censing systems which are not included
in this list. The laser scanner, FLIR, direct view image intensifier, and
LLLTV are devices to be used for night operations, particularly against
ground targets, Their sizes,weights und particularly their massive optics
probably prevent their addition to an already-loaded F-15, If these sensors
are eliminated, night combat operations for the F-15 seem to be precluded.
Positive recognition presently must be obtained before releasing anair-to-
air weapon, This is done in daylight by direct view or, at longer range, by
using the TV identification device, With IFF being an unreliable guide, recog-
nition at night is difficult since a night identification device, which is merely

a LLLTV, cannot provide great range without a massive optical system with
an aperture that would rival that of the primary radar, Air-to-air operations
at night may be possible if a workable laser illuminator becomes available.
Such an illuminator, operating in the wavelength range of sensitivity of the
identification device, having a beam divergence of up to 1 degree, could make
night identification possible, The optical aperture size would allow the illumi-
nator to be located in the leading edge of the wing or at the wing top.

Figure 25 is a schematic diagram of the aircraft with the locations of the
proposed sensors shown., HMS/D applications must be based on potentially
useful linkages among sensors and between HMS/D and sensors. These link-
ages are summarized in Table II.

The internal uses of the HMS/D refer mainly to the display portion of the
helmet aasembly, Cockpit uses of the sighting portion of the assembly have
been proposed in connection with a somewhat radical type of cockpit manage -
ment, but this is likely to be well beyond the state-of-the-art applied to the
F-15, The internal uses of the display portion of the helmet agsembly in-
clude such things as fuel management, navigation data and general aircraft
status indicativns, These comprise a category of functions which, by itself,
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Table 11.

HRelationsnips Among F-15 Sensora
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Table II.

Relationships Among F-15 Sensor's
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cannot justify the use of the HMS/N_ Such esupplementary uscs of the HMS/D
may be added when air superiority applications have been completely imple -

mented,

SENSOR INTERACTION

To evaluate the use of the HMS/D, it is necessary to examine the potential
interactions between the various sensors and between the sensors and the

. HMS/D. Table 1I offers & convenient tool for this examination, All of the

sensors are listed vertically, with basic descriptions, and all are relisted
horizontally. The common areas in the intersecting columns and rows repre-
sent linkages between pairs, Owing to the double listing of sensors, there are
actually two common a1 eas for each pairing, This is useful for expressing

the conczpt of ""flow" from one element to another. For example, the main
radar controlling the identification device is represented on the chart by
space (3) (4), and the identification device driving the main radar is repre-
sented by space (4) (3) (the number from the verticallisting is given first).
Many pairs are meaningless or have no application, If the night laser {llumi-
nator is not applicable, column and row 5 must be deleted. It is emphasgized
that Table 1I is used for citing uses of linked pairs of sensors; a consistent
"no application'’ listing does not reflect on the usefulness or importance of
the sensor itself,

The firat use of the Table II is to cite the useful linkages for the air-to-air
problem without the HMS/D. The useful linkages are important but very few
in number. As expected, the radar plays the primary role,

Main radar (3) —e Identification device (4); important application
Main radar (3) —e Missile seekers (6); important application

Identification ——=laser illumimator (5); important for night

device (4) operations if illuminstor is available
ldentification —e Missile seekers (6); as alternative to radar
device (4) ——e gookers

No other major linkages can be sited for air-to-air operations. Other devices
shown on the table are of importance to the air-to-air problem but they are
not linked to other devices except through the deliberate actions of the pilot,
Devicla)l which have outputs presented to the pilot for interpretation (audio or
visual) are:

Main radar (3) —e Displayed to pilot (CRT)

ldentification —eDisplayed to pilot (CRT)
device (4)

Missile —e Lock-on and homing information display to
seekers (6) pilot
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Rear Wa. ning (7)—a Displayed to pilot {CRT, audio, other visual)

Radar re- —eDisplayed to pilot (sector ind: cator)
ceiver

Voice communi- —e Audio to and from pilot

cations (9)

This latter list represents a significant number of items which terminate at
the pilot and which must attract his attention. These will often require hia
interpretetion and reaction. The pilot must also monitor and interpret the
various demands of aircraft mansgement including altitude, fuel, g-ioading,
fire indications, and mach number. Some of these may be de-emphasized
during combat but they can never be totally ignored, Beyond all this, the
pilot must devote close visual attention to the external scene in all visible
sectors, Infact, the ‘ransparent canopy comprises a visual "display' which
is often overlocked in analytical work and which demanda the greatest share
of the pilot's visual attention during close air-to-air combat. These two
""display' categories expand the number of general monitoring requirements
to eight,

The general air-to-air activity, without the HMS/D, is summarized below
(it is assumed that the combat phase ia imminent):

o The main attention is centered on the search radar,

e Radar targets are identified at the extreme range of the identifi-
cation device.

e Missile seekers or flexible guns are trained on fdentified targets
by commands from the radar or identification device. If fixed
guns are used, the aircraft is "trained" on target,

e Weaponsg are fired.

e Concurrent defengive and aircraft management activities are
carried out.

Two important processes in this sequence are automatic; the radar-to-
identification-device link and the radar-to-weapon link. At the same time,
there are eight open-~-end items which terminate at the pilot, ope or all of
which may be clamoring for the attention-interpretation-reaction sequence.

This is a highly abbreviated account of the pilot's air-to-air combat duties,
but it is sufficient to cite the main problem area. The pilot is geperall
overloaded during the demanding periods of air-to-air combat. One uo{ution
to this problem is to provide automatic linkages which relieve the pilot of as
many functions as possible, The radar-to-weapon servo is an example of
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such a linkage, though it does not entirely succeed, The radar display is
such that the lock-on atill requires somc manual confirmation, particularly
if other aircraft are present.

The general problem is known to be one of excessive monitoring and manipu-
lating loads for the pilot during times of intensive involvement with aircraft
operations, The HMS/D, to be useful, must be capable of alleviating rather
than complicating this problem. The eight attention-demanding items cited
above were regarded as terminating "open end" at the pilot, Co>mbinations of
these often require simultaneous monitoring, leading to simultaneous inter-

pretation and reaction requirements, Three approaches can be consgicered as
possible remedies:

e Additional system linkages for automatic moritoring, interpre-
tation, and response to emergency situations

¢ Reduction in the number of iaputs requiring monitoring inter-
pretation and responge

e More efficient use of the perceptive and menipulative powers
of the pilot

Additional automatic linkages seem promising until the low confidence in a
machine's ability to recognize crises is considered, There are even deeper
reservations concerning the machine's ability to rate crises to the extent that
priority reactions are accomplished., The IFF system is an example of a
potential decision maker which is not trusted, machine failures being podsible
on either aircraft and innocent ''non-target" aircraft not equipped with IFF
tranaponders being present, Even when operating with reliable inputs, the
machine's critical decisions must be reviewed by the pilot. In this process,

the time saving which served as the original besis for the automation, is often
lost,

The rear warning indicator is an important example of a sensor which ter-
minates at the pilot. This sensor can present information which requires a
quick judgment on whether to continue an attack or to break off and commence
evasive maneuvers. The machine that can properly make this decision, in-
cluding a judgment on the time and mamer of break-off, is not forecast for
the 1875 era. It seems clear that the critical sensor-man interfaces cannot
be elimimted by automation,

Regarding the second approach to easing the pilot's lot, the nulnber of inputa
re ing pilot monitoring, interpretation, and reaction will probably not be
reduced, Displays can be consolidated and can be made more efficient, but
the general sensor-man interfaces will remain for the 1975 era. In fact, as

aircraft improve, it will take effort to prevent the number of auch inputs
from increasing,
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Tihe remginiug rermedy is lu make more eilicient use of tne pliot's perceptive
and manipulative powers, The two human sensep of greatest concern are
visual and aural, and, in this context, a set of headphonss may be cansidered
as a "display'., Audio warnings, superimposed on the voice communication
channels, are a known and utilized means for alerting the pilot to special
situations. At present, there {8 a great amount of aural information passed
to the pilot via radio communfcation and intercom talk, Additional signals

via aural inputs seems a doubful approach., With the audio loaded to capacity,
there remains a high number of visuul interfaces clamoring for pilot attention,
These vigual interfaces can be placed in two general categories:

e Displays which are normally "look-down' and include the main
radar, identification device, missile seekers, rear warning,
radar warning receiver, and those aircraft status indicators
which are important during air-to-air combat,

e The "look-up" display which is simply the view through the
transparent canopy; it occupieg by far the larger portion of
the pilot's attention during combat.

Since the number of displzyed functions is high but irreducible, the improve-
ment must be found in the minimizing of the look-down/look-up conflict.

Time loss in the transfer and reorientation process is important, but the
main danger is in the occurrence of rapid developments in the unwatched
domain, The advantage of the audio monitoring is that the aignal gains atten-
tion regardless of where the pilot is directing his visual attention. The hel-
met display offers the same advantage., Critical developments, no.mally
displayed on look-down devices, gain the pilot's attention while < is occupied
with the external view,

The helmet sight also assists in the easing of pilot work laad by providing
control inputs without requiring use of hand or foot motion, The helme: sight,
servoing the missile seeker or identification device, offers simultaneous
weapon training and target confirmation, The target selection is fast, certain,
and most particularly it is direct,

The following statements summarize the sensor /HMS/D relationship:

e The pilot is overloaded at critical times during air-to-air
combat by the amount of information which he is required
to monitor, to evaluate, and to act upon.’

e There is conflict between the "look-down'' displays, in the
fixed area of the panel, and the "look-up" display which is
represented by the view through nearly the entire canopy.

e Inclose, air-to-air combat, the "look-up' display has priority;

therefore, critical visual displays should be transferred to
the halmet presentation.
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e The sighting portion of the helmet system is justified on the
basis of the ability to simultaneously select a target and
train weapong on it, with the verification being inherent in
the original selection. The helmet sight allows manipulation
of two new control channels without requiring the pilst to be
equipped with more than his normal allotment of hands and
feet.

Returning to Table ]I, the columns and rows corresponding to the helmet sight
and to the helmet display show the potentially useful linkages between these
two items and the sensor complement.

‘ The column (i) under helmet sight would normally be empty because the sight
v is directed only by the pilot, there being no servo or control linkage into it

i from the other equipment. Also the row (2) extending to the right from helmet
i display would normally be empty because it ends at the pilot and exerts no
direct control of the other elements listed, A linkage between the helmet
display and the helmet direction sensors can be cited as a gpecial use of ttr
HMS/D. As an example, the head can be manipulated to match cueing ele-
ments in s display to those of a fixed display. This utilizes the direction

It senging elements of the helmet sight system and is useful for directing the

P pilot's head toward a target which will eventually come into view. The unique
thing about this type of digsplay is that the external view through the helmet
sight may not at first have significance. This category of operation is special
and acelguntu for the fact that applications appear in spaces {2) (1) and (3) (1)
aon Table II.
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: Column (2) cn Table I lists five important inputs to the helmet-mounted dis- :
play; these are of immediate importance to the air-to-air combat sitvation:
Main radar display (3) (2)

Identification device digplay (4) (2)

Mignile seeker display (6) (2)

Rear warning indication (7) (2)

e Radar receiver (8) (2)
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Row (1) lists four important uses of the helmet gight as a control device in
air-to-air operations:

Directing the main radur

Directing the identification device

Directing the miagile seekers

Directing the pilot's head by presentation of cues
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A flexible gun could be a fifth item directed by the helmet sight system;
however, it is not likely that a flexible gun will be part of the F-15 weapon
complement,

Of the five listed uses of the helmet display, the first three are basically for
attack and the last two are defensive, A brief discussion of display uses
followe,

It is clear that the five ciled displays cannot be presented in their entirety
full time; this would seriously overload both the pilot and the display. For-
tunately, simultaneous display is not necessary, A system of selectian and
presentation in which displays appear, or can be made to appear exactly when
needed, without seriously cluttering the field or excessively loading the pilot
is required. It should be mentioned that close air-to-air combat is by ita
nature a condition of pilot overlcad, and it is unrealistic to suggest that any
Bystem will completely eliminate this overload. The objective must be a
gystem which minimizes overload by allowing pilot cancentration an those
items of immediate importance at any given ingtant,

In dealing with the five cited display items, a particularly interesting prob-
lem appears in the interplay between the three attack and the two defensive
functione. Adequate concentration for search and attack must be possible
simultaneously with proper monitoring of the two warning devices., Partial
relief may be obtained by placing audic tones denoting radar receiver or rear
warning detector respunses on the communications headset, Some automatic
processing of signals from thege defensive devices can be accomplished to
establish the degree of urgency of the threat, ln the case of the rear warn-
ing device the degree of urgency grows with both the strength and the duration
of the regponse, In the case of the radar receiver, the pectar in which the
threat occurs must be considered in the automatic assessment of urgency .
because of the dependence of closure rates. When the urgency r aches some
predetermined level, a display should autpmatically appear on we helmet
unit showing number of threats together with directional data, This must
share the helmet display with one or mare of the three attack inputs. The
choice of a particular procedure for the interruption of existing displays
should be made on the basis of experimental repults and on the preference of
the pilots who will work with the system. Pilots have stated that they do not
want warning of even the most urgent threats during certain paris of anattack
since even a moment‘s distraction may rob them of a kill.
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SECTION VI

HMS/D BASELINE SYSTEM AND ITS INTERFACE
WITH AIRCRAFT

In preceding sections, concepts of HMS/D use in high-performance fighters
have heen develcped, Considerationhas been given to the probable comple -
ment of sensing equipment aboard the F-15, and means of integrating the
HMS/D with the sensor complement have been discussed. Consideration must
now be given to the combination cf the desired HMS/D functions into a single
system and the integration of that system to the probable F-15 aircraft,

HMS/D functions required by the applications considered in this report are
summarized in Table III. The HMS/D system designed to meet all the reeds
outlined in Table IIl would probably be satigfactory to most purposes in any
high~performance aircraft with only minor modification, For consideration
in regard to the F-15, the reconnaigsance functions probebly have less mean-
ing than in a craft more specifically designed for reconnaissance missians,

Since the primary purpose of the F-15 is to engage enemy craft in the air,
those funciions which are applicable to that mission tend to define a basic
HMS/D system, Such a system should be capable of agsisting the pilot in the
performance of those functions which must be carried out during air-to-air
combat engagements. In light of pilot comments relegating threat warning to
a secondary position of importance, only offensive combat operations will be
included in the basic system implementation. The resulting system might be
considered the minimum weapon delivery system based on the HMS/D. Other
functions added to it later must be so implemented that the use of the basic
sysatem is not jeopardized,

SYSTEM REQUIREMENTS
Requirements for the basic system include the following:

Scene displays: Radar plot (including gate symbol)
E-O tracker (including gate symbol)

Symbols: Radar direction cues (2)
Range-to-target indicator
Sight reticle
Steering symbol
Radar unlock warning

Symbols driven by: Radar direction angleo

Radar range
Computer lead-angle calculations
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Helmet sight pointing Radar antenna azimuth and range gute
commands to; Identification device tracker
Radar antenna azimuth and elevation
E-O migsile tracker
Disgplay stabilization computation

HMS/D operating modes: Radar search
Radar acquisition
Identification
Medium-range missile launch
Short-range missile launch
Gun fire control
Quick radar lock

Interface requirements: Radar mode remote selectable
Radar with fast lock mode at short
Final weapon selection via HMS/D mode
control
Ability to switch control channels quickly
Ability to control more than one sensor
at a time

A block diagram of a system to implement these requiromentn im lhovm in
Figure 28,

The diversity of information sources and destinations and the complexity of
the switching functions involved in meeting the basic re ements paint to
use of the aircraft computer ag the principal interface element. Scene
imagery does not lend itself to such an interface and therefore is handled
separately. The computer is used to transfer information, to scale data up
or down for display purpoges, to establish addresses on the display for par-~
ticular information or symbols, and to tranemit commands relative to mcde
changes to the various system elements.

The variety of display elements points to the use of a cathode ray tube (CRT)
as the display element, Since the E-O trackers will moat likely require a
raster scan display, conversion of radar scenea {o that form seems the best
approach. Symbol generation and positioning can also be made compatible
with that form of display. Video amplification, synchronicing circuits, and
controls required for the CRT must be added to the system at this point, The
CRT controls will generally be set on the ground and will not enter into the
flight regime with the possible exception of the brightness control. All func-
tiona called for in the aystem are well within the state of the art.
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T Lle lII. Summary of HMS/D System Functions
Air-ta- Al Conuiat Functions .
HAS/D Lquipment Helmet Sight
Event Scene (ienersted Controled inforn atior HMS/D HMS/D
Display Diyr?bolol ol by Used ' Modes Controls
1anlnved Halitet 8,ght Compute R
np equired ;
Radar Radar Plat None None "Scarch" Mode control
saarch |
i
Radar Beforce lock Radar Plot None Antenna position ""Radar Mcde control |
lock including gate N atimuth, Acquisition” Acquisition sw:itq
(disrant) symbol Range gatn Redar anterns
nosilion eicvation \
After lock Naone Cues and range None Cue sosininn Nrne wt
Long-range -0 tracker Radar cuc Tracker pointing Trrentty Mude contrai
identification v1den including | Radar range {Lefare lock) Acquisition
gute symbol (if radar 1 switch
locked)
Mediym range Radar None¢ Radar cue None CMRMY "1 tng awi‘ch
missile locked Radar range
{semi-active) Lock Automatic switch to quick radar locx™ Mode
broken
Quick None S:ght reticle Radar pointing " MRM" Acquisitinn
radar in azimuth and "'Cuna"’ sw.ich
locik rlevation
Short- Refore F-O tracker Radar cue Micsile tracker | Cue position "SRM" Acquisitinn
range lock videa including | Radar range Radar pointing | Cuc hlanking switch
migsile gate aymbol (if radar 18 {if radar not Mode cantinl
(0" incked) locked)
v | After Radar range None Firing switch
lock
Gun Rsdar None Racdar unlock None Stabilizatinn of |'Guns"' Firing awitch
firing warning display in front Mcde control
Bteering symbol of windahield
Redar .
uniocked Pilot may switeh to ""quick radar lock” manually Acgquisition switg
Other HMS/D Functions
Afr-toeground target E-O tracker Target E-O tracker "round Mode control
location and video location (before lock) target Acquisition
tdentification cues (3) switch
Atr-to -ground
miasiles - E-0 and Same a8 alr-to-alr except for grcund target cues
semi-active
Alr-to-ground Same 43 air-to-air
gunfire
Threat None Warning symbola |None All None
warning or message
Navigation None None None Alreraft "Novigation Mode control
update position update’’ Acquiaitionswi
Update comma
Terrain following Terrain radar | None None Dl?lly T Terrain’ Mode control
stabllization
Landing Landing Status and None Display ""Landing' Mode control
display warning
messages
Reconnaissance Ident. telescope | None Benaor Target "Recon" Mode control
or other sensor inting Acquisition awl
{when when ldent. keyboa
commanded) commanded) Sensor selecto
il PN P =




™ Lle III. Summary of HMS/D System Functions
Air-to- A\ Cambat Funetis
HAMS /D Lquipmient Heime: Sight

(ienerated Controlled Inforn atlon HMS/D HMB /D Other
Symbols by Used to Modes Contrele C~nditions
Displaved Tlelmet Sight Cnmpuate Kequired Established

None Nonc "gearch’ Mode control Radar plot on helmet

Jisplay via scan

‘ conversion

[

Nore Antenra positizn “Radar Mode control Radar plot an helmet

] ih agimuth, AcqQuisition Acquisition switeh display vis scan con-

Range ga's Radsr antenns versior Nadar mode
nomition gle:ation changed by mode contrcl
Curs and range None Cue pryition Nane setting.
Radar cuc Tracker pointirg] Cor position Chdonnry” Mirde control Radar may b' pointed

P‘ Radar range {Lefo: e tock) Cur Liankikg Acquisition and locked at sAmMe time

I (if radar i3 switch f previous logk is

Pl iocked) broken.

Radar cue None “MRAM I"irtng switch Weapon selection
Radar range
Automatic gwitch to quick radar luex Modc Radar switehed o

| summelic renge

L At operation

b | sight reticle Radar pointing “MRAM' Acquisition Aadar ewitched to

t inagimuth a "Cune" switch muinniatic range gate

* eisvation APCPRLION

-

Radar cue Misaile tracker | Cue position "SRM" Acquisitinn W eapon selection

L Radar range Racar pointing | Cue blanking switch 1f radar 18 not |10ched
{if radar 18 (:{ radar not Mode contiol acquigition switch locks -
1ncked) locked) missile tracker and radar

F K. 1ar range None Firing switch trame time

.

( Radar ur.!ock None Stubilization of |"Guns" Firing switch Computrr drive of
warning display 1n front Mode control ateering symbo! to pro-
Stee: ing sym ol of windshield vide lesd compensatioa
Pilot may switch 1 "quick reda: lock' manually Acquisition switeh

) Other HMS/D Functions
Target E-O tracker "Ground Mode control Radar alaved to HME/D
location (before lock) target Acquisition and lacked with . -O
cues (3) switch trecker,

} Tracker triengulation

L program enabled.

! Same an alr-to-sir except for g: ~und target cues

|

" Same as afr-to-sir

: Warning aymbois |None Al None

1| or mesaage

1

! | None None Ai-craht "Navigation Mode control Trisngulation on

i pestion update” Acquisition switeh target required

) . Update command

f None None Display "Terrain Mode control

stabiltsation

| | Btatus and None Display "Landing" Mode control

: warning
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The basic HMS/D system requires the following controls;

e HMS/D mode control
e Acquisition switch
e Firing switch
( © Radar antenna elevation control

The final three of these four controls already exist in fighter craft, and they
therefare do not represent any addition to the cockpit., The fact that only
elevation of the radar antenna is controlled manually represents a simplifi-

. cation of cockpit controls, since the stick controller for antenna azimuth and

{ range may be omitted when the antenna is contrelled by the helmet sight, The
manner in which the controls are used is described in the following paragraphs,

o Radar Search - The standard azimuth-versus-range plot is dis-
played on the helmet instead of on a cockpit-mounted scope,
Search is conducted in the normal manner u:tng' manual adjust-
ment of the antenna elevation, Selection of the "'Search' mode
automatically connects the radar imagery through the appropriate
Bcan converter. '

e Radar Lock (distant) -Placing the mode control in the "Radar
c on” position changes the radar to its acquisition mode
and connects the helmet sight to the antenna and range gate
positioning circuits, Helmet azimuth position controls antenna
azimuth and helmet elevation controls range rate position,
Radar lock is completed using these controls and the acquisi-
4 tion switch, Manual adjustment of antenna elevation is used
as required, Upon radar lock, the radar display is removed
and an HMS/D generated display of directional cues and range
to target is aubstituted. Inputs to this display and the com-
mand to change over are supplied from the radar through the
aircraft computer,

™ - e Identification (E-O tricker) - Selection of the
“Iaentﬁ?a position on the mode selectar places the video output
of the electro-vptical identification device on the helmet dieplay
If the radar
= is not locked, only the video appears. It is expected that the
3 tracker video will include a gate or other aiming symbol, The
: halmet sight points the identification device, with the helmet
azimuth and elevation notions controlling the respective motions
of the tracker with ane-to-one scaling. The pilot brings the
identification device around that line. If the target is rectly

along with the range data and radar position cues,
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visible, the target itself is sighted. When the target appears in 1
the identificanon device [ieid of view Wie tracker muy ue locked tu ;
the target or identification may be made without locking the tracker. :
As an option. it is possible to aim the radar along with the identi- l

fication device and lock the radar and identification tracker at the
same time. This option would be valuable as insurance against
broken radar contact during the alignment of the identification
device.

. mg?bp-g%‘ge Missile Attack ﬁlemi -active guidance)-- In the
mode, when the radar 18 locked, the mode control
activates the missile which has been pre-selected by the pilot.
Radar range and direction cues are displayed on the helmet
display. hen the range requirements are met, the missile is
fired by means of the firing swltch. If radar lock is broken in
this mode, the aircraft computer commands an automatic mode
: change to allow quick relockin~ of the radar. An interlock pre-
g vents firing till lock is re-established.

o Quick Radar Lock -- This mode is selected either automatically
from the mode or manually in the "Guns'" mode. It pro-
vides a rapid means of directing the radar to a target at clcse
range. The helmet motions in azimuth and elevation drive the >

i corresponding axes on the radar bringing the radar direction to - §.
the pilot's Iine of sight. The acquisition switch causes an auto- =

matic range gate to move outward and lock to the nearest target. v o

Relock of the radar uutomatically returns the system to whichever

mode was originally selected. Note that the quick radar lock mode

is not commanded by the mode control directly, instead, the mode
is set up by mode control selection of "MRM" or "Guns" and the
simultaneous occurrence of a radar unlock. In the "Guns' mode,
the transfer is optional and must be commanded.

e fren e O CEO W Aoy
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. - lectro -optical guidance) -- In the i :
SRM'" position, the mode control again has a weapon activation .
function, setting up the pre-selected ahort-range missile for -

! firing. It also places the output of the missile E-O tracker and

, the radar range indicator on the helmet display and connacts the

; helmet sight to the tracker such that azimuth drives azimuth and

the elevation drives elevation with a one -to-one scale. The pilot

views the target through the tracker, places the tracker gate on

the target and locks the tracker by pressing the acquisition

switch, When range requirements are met, he fires the miasile

by closing the Iiring switch. A desirable option in this mode is

to slave the radar to the helmet at any time the mode is selected

with the radar unlocked. Lock of the radar in the manner de-

scribed for the quick radar lock mode and of the missile tracker

would occur simultaneously when the acquisition switch is operated.
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e Gun Fire Contrgl -- When the mode control selects ""Guns'', the
reaction depends on whether the radar is locked. If not, the
auick radar lock mode (s automatically selected. When the radar
is locked either at the time the ""Guns'" mode is selected or later
by means of the quick lock technique, the steering symbol of the
director gun sight is displayed. The outputs of the helmet sight
are used to position the entire display such that it remains
aligned over the fore-aft axis of the aircraft regardless of head
position. The alrcraft computer calculates the required lead
compenssation and positions the steering symbol accordingly. If
the radar unlocks after originally being locked, the pilot may
either continue the attack with a fixed range inserted in the cal-
culation automatically or he may go to the quick radar lock mode
by pressing the acquisition switch. The option is left with the
pilot rather than providing an automatic transfer since the cir-
cumstances of the particular attack will determine whether an
effort should be made to re-lock the radar.

The operation of the four controls used with the HMS/D in air-to -
air operation is summarized schematically in Figure 27. Each
evert in the idealized combat seci:ence can be controlled using
the four controls specified. The transitions from event to event
can be made with a minimum of looking into the cockpit. In
addition, the sequence may be entered at any point by setting

the mode control and without requiring any special procedure to
carry out the desired functions. Manual control is preserved in
all cases where an option exists with the idea that the best judg-
ment available aboard the aircraft is that of the pilot.

DISPLAY REQUIREMENTS

Table IV lists the display elements required for the basic HMS/D system.
The size, appearance, motions and uses of each are summarized. Three
are ''scene'’-type displays and eight are symbols or graphics.

Of the three scene -type displays, two are TV views generated by electro-
optical seekers and one is a radar map generated by the radar set operating
in its scan mode. Any of the three scene displays selected will be fixed on
the helmet CRT, therefore the displays will remain fixed in the pilots view
regardlesa of look direction.

Of the eight symbol ~type displays, five are fixed to the helmet CRT and are
carried with the head as are the three scene displays. The three symbols
which must be moved about on the display require appropriate electronics
for x and y translation. This is not simply a matter of providing x and y
positioning voltages such as are used on oacilloscopes since it is necessary
that the scan raster be fixed and the symbol be moved within the raster.

\
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applic ¥ ell a5 scene linagery
Ofrten there is call to mix the two and to move s8ymbols over the
the scene. Status and warning signals may require alphanumeric messages

on the display, further complicating the display requirements.

L 1T 39 -1

The only practical and presently available display device capable of presen-
ting the complex formats required is the cathode ray tube (CRT). Such
tubes are available in sizes and resolutions sufted to the requirements of
helmet mounting, and the known characteristics of the tubes make them po-
tentially useful in airborne applications. While high voltages are required,
the safety problems caused by such voltages are not difficult to overcome.
A method of using the CRT to meet HMS/D needs is shown in Figure 28.

\ The CRT section includes the video amplifier, both sweep generators and
the control elements. For the three scene disPlays, the video amplifier and
the sweep generators are driven by the "scene’' electronics selected. When
, no acene is displayed, thc sweep circuits are self-triggered to generate the
; raster needed for symbol display.

T T IR AR VA PR TP € TR N ) R T S ey b e s o

1

| Of the five symbols generated by the HMS/D aystem, two must be translated

j in both x and y directions on the CRT raster. This is done in the symbol

: position control section shown in Figure 28. The horizontal position of the

o beam is represented digitally b{ an oscillator-driven counter, which is re-

! set at the end of each horicuu.al sweep. The oscillator frequency is such
that there are as many resolution elements horizontally as there are acan
lines vertically. Vertical position of the beam is represanted by the actual

scan-line count, the counter being driven by the horizontal sweep trigger

| and reset by the vertical sweep. The counts are fed to a pair of address

: registers, along with digital x and y angle data, to generate x and y posi- r

i B tioning controls. These are fed to the symbol logic section and control the
raster position of the selected symbol to one-line-width accuracy. For the

two nontranslating symbols which are generated by the system, fixed values

are applied to the angle control inputa to the address registers. These hold

i the symbols in the center of the raster. If more than one symbol is to be

positioned at a time, additional address registers are required. For sym-
bols which appear at fixed positions on the display, fixed commands replace.
the outputs of the angle -to-position conversion.

EXPANSION OF THE BASIC SYSTEM : ’

| The basic system described will perform the offensive requirements of the - ‘
' air -to-air combat mission gatisfactorily. For consideration of a baseline - 5
HMS/D which has capabilities beyond the very minimum, consideration S
should be given to the addition of other functions. Examination of Table III

ghows that very little must be added to the basic system in order to imple -

ment air-to-ground as well as air-to-air combat functions.
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Target identification 1n air -to-ground i8 similar to that specified in the
original system but calls for the addition of the triangulation location of the
target on the ground. Similar triangulation calculations are called for in the
navigation update operatior.

Terrain following, landing, and reconnaissance uses call for major additions
to the basic aystem. Terrain following and landing each require the display
of entire new formats of information. Recounzissance calls for the addition
of a target identification keyooard, a data encoder, a data transmitter, and
controls for whatever complement of gaensing devices i8 included.

Threat warnings and aircraft status and warning information may call for &
wide variety of symbols and characters. In a fighter aircraft, however,
simplicity is a prime virtue. To provide the most readable dinplay, an
arbitrary limit to the number of svmbol: presented should be applied for the
beginning of development. Additional information can then be added as
needed. From examination of the information evolved on HMS/D uses, a
list of system tasks was chosen. Thesge tasks form the baaia for definition
of a baseline HMS/D system. They include the prime air-to-air combat
functions of the F-15 completely. Addition of the weapon delivery tasks in -
air-to-ground combat calls for relatively little system complication. .
Beyond the weapon delivery and other combat applications, the baseline
system should include others which are representative of the flight control
and navigation function3 required by the aircraft. These functions should
be held to the minimum necessary to show the capability of the system in "’
order to prevent overcompilation of the first implementation of the HMS/D.
On this basis, the following tasks were closen for lmplemenutlon ln the
baseline system: - -
e Ajr-to-air combat

Radar search and lock

Identification

Missile control

Gun control

e Air-to-ground combat B o
Viaual search and tracker lock :
Identification
Misagile control
Gun control

e Navigation
Navigation update

e Flight control
Landing assistance
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BASELINE SYSTEM CONFIGURATION

A systéni-suited to pérfbrm'mg the baseline tasks is outlined in Figure 29.
The major interface between the HMS/D system and the aircraft is the air-
craft computer. The computer fills the following functions in the system:

e Conversion of sensor gimbal angles to symbol addresses

e Conversion of head-position angles to sensor pointing commands

e Routing of information and commands in accord with mode
selection

e Calculation and comparison of target and checkpoint ccordinates

To utilize the HMS/D system, information must flow between it and the
following aircraft subsystems:

Main radar

Identification device '

Electro-optical missile trackers

Inertial navigator

Landing display generator. ' v

The helmet-mounted display i8 mechanized as a raster scanned cathode ray
tube diaplay with projection optica to place the collimated image of the tube
before pilot's eye. The raster characteristics are tailored to the stand -
ard adopted for television mensors aboard the aircraft. It is asaumed that
this standard will apply to the long-range iduntification device and to any
electro-optical missile trackers used in the weapon system. To present
radar information, scan conversion is required. Scan conversion may also
be required for the landing assistance display, depending on the manner in
which it is generated. In the system diagram, the landing display is shown
a3 an externally generated input. The diaplay could be generated within the
HMS/D system and, for a fully integrated, final system, probably should be.
For a developmental baseline, however, the additional complexity of symbol
generation required for a landing disrlay will tend to remove attention from
the basic HMB/D requirements. Integration of landing display generation to

* the HMS/D system was therefore deferred to later in the development cycle.

‘The HMS/D mode selection is interlocked with the weapon selection controls
in such a manner as to allow the weapon panel to be set up prior to an engage -
ment. The final choice of weapon {0 be fired is then tied to the selection of
the aiming mode for that particular weapon. Thus, the pilot may use his
armament controls to arin both a short-range missile and his guna before
starting an attack and make the final selection a8 to which will be fired by

his selection of either the ""Guns' or "SRM'" mode for the HMS/D. By proper
choice of control design and location this approach maximize the time the
pilot may devote to viewing the world outaide his cockpit during the actual
engagement.
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The aymhal nagitionins syoiom utilizes addieas coummands generated Ln the

computer to locate selected symbols on the display. Symbols having & fixed
location on the dispiay do not require constant re -addressing after the or-
iginai command. The total number of symbols to be generated may be kept
small by utilizing the same symbols for several purposesa. The baseline
system requires the following symbols:

o Target cue 1 - used waen the target is within the display field.

@ Target cue 3 - used when target is outside the display field but
within reach of the pilot's head moticn.

Target cue 3 - used when the target is out of the pilot's range

of head motion.

Range indicator - moved to a point which shows the target range.
Range scale - the sceale against which the range ind‘cator is read.
Reticle - used as a sight for the quick pointing of the radar.
Steering symbol - used to direct the pointing of the aircraft
during gun firing.

Warning diacrete - used to indicate the occurrence of a critical
condition.

The uses of these symbols have been described previously with the exception
of the wi.rning discrete. Warnings of critical or non-critical failures within
the aircraft are a valid use of the HMS/D, However, there is a question as
to which conditions should be covered by the warning syatem. At this stage
of development, the provision of a magter warning signal tied to the air-
craft’s fault location subsystem will sliow implementation of a typical warn-
ing circuit and provide the developmental work required to make other, more
complex warning indications available later. A single alphanumeric message
of fixed content and location will provide the warning function without adding
unduly to the overall development complexity of the syatem. :

AIRCRAFT INTERFACES

The baseline HMS/D system, as illustrated in Figure 29, has two major in-
terfaces. Video imagery interfaces with all sources (radar, E-O trackers,
etc.) are at the scene selection circuit inputs. All other interfaces are at
the aircraft's central digital computer. 7This choice of interface is shown
since the tendency at this time iz toward digital interfaces. It is equally
possible for the system to be mechanized with either digital or analog inter-
faces either through a central point or with the various individual aircraft
subsystems.

Present-day helmet sight outputs are particularly suited to digital computer
interfaces. However, helmet gight mechanizations have been succesafully
built with analog interfaces using linear d-c, linear a-¢, or synchro outputs
from the helmet sight, The sight l{;tem is extremely flexible in {ts elec-
tronic interface with the aircraft. tegration of the sight system to the
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aircraft cockpit will require the installation ¢f equipment for linking the hel -
et tu tie renaindes Of Lhe 6y816ht. Two piincipal appivacnss o Wils havs
been explored. One senses helmet position by a mechanical linkage between
the helmet and the aircraft structure. The other provides the position-
measuring link by way of beams of light and requires no physical connection
between helmet and aircraft. The latter approach is preferable, particularly
in a single-place fighter where the utmost in pilot head-positioning flexibility
must be provided. If this method of measur head position is used, the
only new requirement for interfaces in the cockpit is the mounting of the
light beam source(s) at the proper points {n the cockpit. The optimum loca-
tion for light beam sources is at the level of the sensors on the hslmet and

to the rear of the helmet center line. Actual location must be fitted to the
design of the particular aircraft. '

The integration of the helmet display tc the aircraft can be performed as
illustrated in Figure 28, where the major interface point for all aircraft
subsysterns is in the aircraft's computer, or it may be made with each of the
interfacing components directly. Selection of video inpute to the display may
be made by discrete command from switches as well ag under computer con-
trol and tranafer between scene inputs may be made automatic by inclusion
of the appropriate logic circuitry in the scene selector. Symbol position
commands may be provided in either digital or analog form with the approp-
riate changes in the positioning circuitry. N

The extreme flexibility of the HMB/D system in inter ficing with other com-
ponents makes it possible to consider retronm.nf it to existing aircraft as
well as fitting it to new aircraft during the initial design of the craft. The
small dimensions and crowded conditions of some existing craft other prob-
lems for location of the helmet sight light beam ganerator{s); however,
locations have been found for use in flight tests with F-4 and RF -4 alrcraft
and can similarly be found for others. Continuing development work with
the light beam sources has reduced the space required for them lgnmcmtly.
and additional reductions are expected in the near future. Thus, the mech-
anical integration problems with existing aircraft are being reduced with
time. -
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INTEGRA TION OF HELMET-MOUNTED EQUIPMENT

In provid the HMS/D functions, equipment must necessarily be mounted
on the pilot's helmet. Any additions, though, may cause unwanted side -
effects which interfere with the pilot's normal functioning. A workable
arrangement must avoid unnecessary additional weight on the helmet, pre-
vent unbalances which would develop high torques on the pilot's head during
acceleration, provide unobstructed vigion to be the highest degree possible,
and maintain the required relation between components in order to main-
tain alignment accuracy. An approach which simply hangs equipment on the
cutside of an existing helmet seems unlikely to achieve satisfactory results
in all of these areas. A better approach is to consider the entire helmet as
& subsystem and provide the neceesary integration to bring the best results.

Figure 30 shows one approach to the design of an integrated helmet. The
cathode ray tube is built into the side of the helmet, providinq the lowest
location and the position closest to the center line of the pilot's head. The
sensors for the helmet sight head ~position measurement system are molded
into the housing for the sun-visor. The projection optics for the display
fasten to the front of the cathode ray tube and project an image across an

n space to the image combiner mounted before the pilot's eye. The com-

r is retractable upward behind the sun visor. The projection optics may
be stowed by rotating them out of the way.

BASIC HELME T CONSIDERA TIONS

Until a few years ago, the scientific community appeared to take little real
interest in helmet characteristica other than impact attenuation - i. e.,
factors such as a desirable helmet cg location, maximum allowable mass,
the effects of additional devices on the helmet, and various suspension
systems Possibly it is not lack of interest but rather lack of technique; it
is virtually impossible to determine the causes of neck Injury without ays -
tematically injuring a lot of necks!

A number of problem areas have become evident simply through the daily
use of helmets. These range from discomfort, which is perhapa of little
importance in {taelf but may lead to fatigue which can be a dangerous factor
in a combat situation, to severe blockage of vision which may be fatal in
combat.

The major complaints registered against existing helmets fall into the
following general categories.
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Figure 30,

Integrated Helmet Concept
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They are uncomfortable.

‘Ihey are too hot.

They move around on the head, particularly under high-

acceleration maneuvers.

e They restrict vision by protruding into the peripheral
vision areas.

e They restrict vision by preventing the pilot from getting

his eyes close to the canopy.

Any helmet-mounted equipment must take these complaints into conaideration.

Components must be so arranged that they at least do not aggravate the pre-
sent gituation. More desirable would be for the design of an integrated
helmet/sight/display combination to alleviate the present helmet problems.

While complete research of helmet design is far beyond the scope of the pre-
sent atudy, information has been compiled which will direct effort toward a
workable integrated helmet. Discussions have been held with a number of
medical researchers in the field, with pilots, and with helmet manufacturers.
The following paragraphs summarige the information gained.

® Helmet design has historically been handled as an art -- safety
has not been considered in a scientific manner.

® Crash helmet design is only now becoming scientific due to in-
juries (heavy, unbalanced, unstable helmets) and vision obscura-

tion (slippage due to unstable helmet plus g-forces) associated
with present helmets.

e It would be better to produce a heavier,balanced helmet than a
lighter,unbalanced helmet ... within rational (still unknown)
limits, i.e., balance is more important than weight.

e The helmet/head combination for a given man should not
(ideally) have a different center of gravity (cg) than the man's
head alone. If the cg must change, then it would be more de-
sirable to change it in the aft direction instead of forward.
Lateral balance is of the greatest importance. Shifting of the
cg in a vertical direction is of lesa importance than either
laterally or longitudinally.

e Physiological effects on man due to helmet weight and balance
can be grouped under three headings:

(1) Fatigue - What is the magnitude and rate of onset of neck
muscle fatigue as a function of helmet weight
and balance?
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123 Trackiing - Bow is ihe irscking performance of the head/ |
neck mechanism affected by helmet weight and E
balance? !

(3)Safety - How is man safety under dynamic conditions

(e.g., crash, g-forces, turbulence) affected
by helmet weight and balance?

Of the three effects, study has primarily been applied to safety,
Information on fatigue and tracking is only now becoming available.

e Sled testing has pointed to the web suspension helmet as being
more stable on the head than the more traditional padded helmet.
Examples of the suspension helmet are the SPH-3, SPH-4, and
DH-411. There is a difference of opinion on the meaning of the
tests conducted, and comments have been received that the stan-
dard padded helmet can be just as stable as the web suspension
helmet provided it i8s properly fitted,

e The plastic housing used to protect the sun visor on a helmet is
not needed if proper care is given to the helmet. The housing is
a problem to the pilot becauae it keeps his head farther from the

canopy than would otherwiase be possible. It would be better to : o
dispense with it. - R

HELMET ARRANGEMENT A , Y

When the conceptual helmet shown in Figure 30 is evaluatied against the in-
formation outlined above, several good and bad points become apparent.
The helmet arrangement shown offers great freedom from obstruction to
the pilot's overall vision. The open projection path and the position of the
projection optics close to the pilot's cheek leaves the field of view to the side
and downward essentially unobstructed. The vieion upward is obstructed only p
by the edge of the image combiner and its narrow support structure. For
normal two-eyed vision, the sight of the unobstructed eye will fill in the gap s
created by the supporting structure. Use of a transparent material for the G
support may further reduce the loas of upward peripheral vision. The image B
combiner ia a transparent bagse with a reflecting coating. The coating is "
chosen to provide the maximum reflectance of the light from the phosphor of “
the cathode ray tube and maximum transmission of all other light. This
provides maximum intensity of the display and minimum attenuation of the
vision from straight ahead of the pilot. The visual effect will be a slight dis -
coloration of the acene viewed through the combiner. The edge of the com-

biner will provide a minor obstruction to the vision similar to the metal
frame on a pair of sunglasses.
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upward.

; examined for use in a practical helmet-mounted sight/display.

IMAGE-COMBINING OPTICS

, mation on the other. The periscope (or occ

plete vision both

sentation is therefore unacceptable for the F-15.

When the potential helmet arrangement is8 examined for possible imprave -
ment, a number of points are obvious. For example. while the CRT is at
an advantageous location from the standpoint of interference with the pilot's
head motion, it is far enough off the center line of his head that unless it is

balanced by a similar mass on the oppoesite side, unwanted torgues on th

helmet will be developed during high-g maneuvers, Another problem area
is seen in the use of two aeparate parts for the projection optics.
the helmet structure can be made rigid enough to assure the proper aligr -
ment of the projection lens with the image combiner, errors in the syatem
will develop and the display irm ge may be lost. In searching for alternatives,
tradeoffs of the advantages and disadvantages of each poasibility will be re-
quired. In the case of the optics, a physical connection between the projec-
tion lens and the image combiner may be an improvement, since the re-
quired vision downward is less vital to the fighter pilot than that directly

The lateral balance of the helmet must clearly be improved, either by re-
{ location of equipment or by counterbalancing. The latter is undesirable
but less so than an unbalanced helmet, Consideration of a location for the
CRT along the back of the helmet offers an improvement in the balance of
the system, but creates very severe optical problems in the transmission
of the image output of the tube to the eye. In spite of the optical problems,
the rear location is probably the most desirable and should be the first

— Two basic approaches have been taken to helmet displays in the past.

d utilizes 2 semi-transparent { combiner which aillows the wearer to see

? the display presentation and at same time see the real world beyond.

. There is indication that he gives attention to only one or the other, but the

transition from one to the other is very easy. The other basic approach to

the helmet display is to provide a periacope between the cathode ra

and the eye. This blocks the vision of one e{e to the outside-world

uded) display offers a signifi-

| cant advantage in that it allowa relatively low -level light outputs from the

: CRT to be visible. The wearer's eye is adapted to the display rather than

to the higher light level from the sky. Questions on the long-term endur-

' ance of wearers whose eyes are differentially dark adapted have been

3 raised but not very well answered at present. Quiie aside from physio-

' logical problems with differential dark adaptation, the periscope presenta-

tion must be ruled out for use in the F'-15 on the aimple basis of safety.

The F-15 i a single -place aircraft. If the pilot wears a device which

effectively removes access of ane eye to the outside world, he will be at a

severe diladvan?e in maneuvering his plane. The pilot must have com-
irectly ahead and also peripherally. The occluded pre -

e M e e e e -




The "see through" configuration of the image combiner causes a problem
which muat he considered in the configuration of Uw HMS/1). By allowing

the pilot's vision to adapt to the relatively bright light from the sky, it re-
quires a high intensity from the display (RT to ensure its being visible at

all times. S5mall -format CRT's typically do not have great light output.

The helmet in Figure 30 provides for display visibility in the presence of
high-intensity outside light by placing the image combiner ingide the tinted

sun vigor. Thua, the light from outside is attenuated while the display light

i8 not. By proper choice of visor transmissibility and CRT intensity, the
display may be made visible over the range of outside light intensities from
darkness to 10, 000 foot-lamberts. In addition to the use of the sun visor

for shading, an automatic level control for CRT intensity of the display
c¢umpensates for variation in light level. The desired intensity is set manuslly
and will then maintain the needed level of contrast by adjusting the CRT bright-
ness {n response to changes in ambient light level.
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SECTION VIII
PRODIICTRIIITY

Design of a working model of the baseline HMS/D is well within the state

of the art, No radically new concepts are required. The components of &
workable helmet-mountea sight have been in existence for some time and
have been proven in a number of flight teats. A number of different helmet-
mounted displays have been built and tested, and, while none have been com-
pletely satisfactory for flight use, they have shown that the design problems
associated with their eventual perfection are not beyond solution. The

major design problems foreseen are:

e Achievement of a properly balanced helmet

e Achievement of sufficient intensity from the CRT display

e Achievement of the degired field of view with sufficientls
simple optical equipment

The design of the necessary electronics for the display, while ¢:msnding
from the standpoint of functions to be implemented, will fer few new
problems. The video circuitry problems have been met and solved many
times previousiy. As part of the continuation of this study, -a set of test
bed electronics was built and is being teated. Performance has been
satizfactory, and areas requiring improvement seem well within the
present state of the art. : A :

MANUFACTURING PRACTICALITY

The manufacture of the HMS/D system shuuld be a relatively straight-
forward matter, The components of a satiafactory helmet sight system
‘have been built and may be incorporated directly into the EMS/D system.
The manufacture of the helmet-mounted display, while it calls for pro-
cessing of optical components, will not involve precision or accuracy
r=quirements beyond the capacity o: most optical fabrication facilities.
A pumber of helmet display prototypes have been built.

As a part of this study two test bed sight)display units were buiit. One of
the test bed units was built without regard to either weight or balance of
the helmet to provide a wide -angle, see-through display for use in simu-
lation of the HMB/D tracking and sighting task. Emphasis was given to
field of view and flexibility of adjustment. An optical design was achieved
which met all needs. While heavy and clumsy, the simulator heliiet per-
formed satisfactorily and provided good results in the tracking etudy as

* well aa guidance toward the solution of several design problems.
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The other test bed helmet was directed more toward
balance. and nronar intasration of ke IS In -

the problems of weight,

H 4 o wa wew asinass] A c\'uipiilelll und }Jeimet-
Lenses and reflectors which were immediately aveilable from stock were

- used rather than custom made cornponents. The resulting helmet is shown

in Figure 3i. This heimet weighs 3 1b, 1 ox, incl

uding the sun visor and all

hardware. The weight can be further reduced by different choices of

materiala and mors effective integration of the CRT.

N
o
i

The helmet provides

both the CRT display and a separate, electrically illuminated reticle.
helmet is slightly unbalanced to the right side, but gives indications of being
capable of being balanced. The display fisld of view is 18. 5 degrees because
of the use of stock optical components. ‘A larger fisld of view is clearly
possible and is being built into the second el of the test bed HMS/D.
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Test Bed HMS/D Arrangement

Figure 31
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BACKGROUND -
Under generally recognized methodology, "system effectiveness' is defined as ,:
"the quantitative prediction of the extent to which a system may be expected to : .
- achieve a set of specific mission requirements under operational conditions, o

expressed as a functlon of three major attributes -- availability, dependability, o
and capability." . ]

The first two attributes refer to organizational maintenance and logistical sup- =
port of a field systemn and the on-mission reliablllty of system components and 3
are probabalistic measures. Normally, ''capability’' is also taken as a proba-
balistic measure and can be defined as ''the probabdility of accamplishing the
sequential events to the degree defined as a success for each of the mibll
states of equipment operation."

AT

The measure of capability may include the effects of hostile countermeasures
to thwart performance at the defined success level and may also reflact the

beneficial aspects of speed, altitude, range, accuracy, timeliness, nu*viu.-
bility, etc., on mission performance.

The intent of the HMS/D effectiveness study was to define and compare meas-
ures of capability applied to an F-15 type aircraft defining the impact of the
HMS/D subgystem on the total weapon system. The generulized nature of the
study dictated elimination of a study of availability and dependability measures
(as defined earlier) as they are more intimately ralated to specific hardware

specifications. R R ]

v 3 d
Among the operating modes of the baseline HHS/D aystem, the "Sau'eh" mode e
is singular in that it is used solely for pilot display and includes no control "
functions. The "Search' mode display format is helmet stabilized (fixed to the
pilot's head) as is the tracker imagery after sensor lock in the "ldentify’ mode. ¥k

All other modes use either sensor or aircraft stabilized display formats. The
primary measure of capability in the "Search' mode is the implied improve-
ment in pilot scanning and detection times due to the elimmauon of the need
for the pilot to read the radar digplay on the instrument panel inside the cock-
pit, No experiment wap conducted to measure the relative times ruquired to
detect or identify targets with and without a HMS/D uwed in these modes. Ina
gingle-place aircraft the freedom from the need to look down into the cockpit
offers a clear-cut advantage in a combat environment.
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B Ancther unique mode of operation is the "Guns'' mode. The '"Guns' mode o i
‘utilizes an aircraft-referenced dieplay that translates from the pilot's field of :
view as he looks away from the fore-aft axis of the aircraft. The information

displayed is used by the pilot to maneuver the aircraft into a firing attitude in Lo g
the same manner as if a traditional head-up display were used. The extreme B o
accuracy required of the head position measuring equipment in order to stabi-
lize the display gives a distinct competitive edge to the head-up display for
presentation of gunsight information. However, an automatic or-semisuto-
matic transfer to the ''Quick-Radar-Lock' mode may enable the pilot to relock
his radar if sufficient time remains in his firing pass. Obviously, the acquisi-
tion time in that automatic mode becomes a direct measure of capability.
Tracking accuracy ie also a direct measure of capability in that for any given
Sensor or weapon subsystem a certain maximum tracking error is allawable
beyond which lock will not occur. Hence, two capability measures may he

‘ stated as follows:

: ' ¢ Accuracy (radial error) of pointing a sensor during a tracking \
S time-interval ;

©  Acquisitior time from initial deiection of a potential target to
succeasful radar or electro-optical tracker lock-on

TRACKING EXPERIMENT DATA

While accuracy and acquisition time are readily identified as useful measures

of capability. it can be seen in Volume IIT of this report, ''"Tracking Capabilities",
that variations exist between individuals as to their tracking and ac juisition time
characteristics. For this reason, a probabalistic description of accuracy and
act{‘uénlition time becomes mandstory. The tracking experiment reported in
Volume III consisted of 1440 trials (each of approximately 15 seconds) per-
formed by six subjects. Each subject tracked three different target types

(static, dynamic, and evasive) using two reticle types for an individual total of -
40 trials per reticle/target combination. A total of 47 trials (all subjects and )
both reticles) were performed on each target type. Since it was shown that i
there was no significant variation in results due to reticle choice, the total data !
available (i.e.: 480 triale per target type) can be considered representative of \
pilot tracking responses. To obtain a probabalistic measure of tracking capa- D
biiities it is then only necessary to examine the histograms of frequency of |
occurrence cf errors of a given asise and divide by the total number of trials
(i.e., 480). It is claimed that the result represents the probability density !
function of the corresponding variable.

Table V surnmarizes the detailed results presented in Volume III of this report. .
It presents the composite mean radial error for all subjects (by target type) i
over a 15-second tracking interval as well as the standard deviation of each

subject's mean error about the composite mean. The table also indicates the

average percentage cof the 15-second tracking time interval during which a
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Table V. Summary of Tracking Experiment Results

Static Dynamic Evasive
Measure Target Target Target
Composite mean radial
error 0.68 dag 1.04 deg 1,21 deg
Standard deviation of
subject means about
composite mean radial 0.14 0.3t 0.33
error
Compoaite time-on-target '
alter TAT (in seconds and | 11.7 sec [78.0€ | 8.9 gec| 45.9¢ | 8.4 sac | 38, 0¢

percent of 13 sac)

TOT standard deviation

2.8 sec |17.5¢

2.3 sec| 15.26

1.9 sec |12.74

Composite mean indicated
nrq;t acquisition time*
(TAT)

2.4 sec

*Indicated TAY was 0.8, 0.8, and 0.8 seconds later than sctual target
acquisition, apparently dus to overshoot.
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subject was able to keep his LOS within a 2-degree diamond-shape target
symbol. Tage 15 of Volume Il describes the testing procedure in detail.

Table V shows a mean 2.2- to 2.4-8econd target acquisition time (TAT) indi-
cated by the subjects in the tracking experiment by depression of the acquisi-
tion tch. The footnote to Table V notes a 0.6~ to 0. 8-second delay in the
indicated TAT, possibly due to overshooting the target with the reticle and
then returning to the target before operating the switch. The delay is illus-
trated as a function of trial number in Figure 32. '

350 4

AN TARERY ACDWSITISN TRaE
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TARGLT ACOUREITION MEDICATED BY SMRUKCTS

Figure 33. Actual and Indicated Target Acquisition Times




RADIAL TRACKING ERRORS

Figure 33 presents the composite of the six subjects’' mean radial error plotted
against each of the 40 trials by target type. It should be noted that a given
trial refers to a given distinct target path and initial target cue for each target
type with the result that, for example, Trisl 8 for static targets is unrelated to
Trial 8 for either dynamic or predictable path targets. Figures 34 through 36
present composite mean radial errors (all subjects) versus time for specific
static, dynamic, and evasive ta-get trials, respectively, for illustration pur-
poses.
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Figure 33. Mean Radial Error for All Subjects by Target Type
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Figure 34, Mean Radial Error for Six Sub;ects Tracking
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Figure 35. Mean Radial Error for Six Subjects Tracking a Dynamic,
Predictable-Path Target (Predictable-Path Case 24)
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Figure 36. Mean Radial Error for Six Subjects Tracking a Dynamie,
Evasive Target (Evasive Case 10)
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The data presented in Figure 33 represent. in total, 1440 15-second tracking
trizls or 480 triads per targel type by the group of six subjects. Figures 34
through 38 illustrate the group's time history behavior on a apecific target.
These data were re-examined to determine a probabilistic measiure of tracking
accuracy. While the composite mean radial tracking errors shown in Table V
may be interpreted to show that a probability of 30 percent exists that a random
subject will score a 1,21 -degree radial error over a random evasive target
trial with a standard deviation of error of 0. 32 degree, it was f¢lt that the data
reflects nongaussian error characteristics.

As a check, the mean errors of the individual tracking trials were separated
into 0. 1-degree class intervals and frequency histograms plotted by target
type. The frequencies of occurrence were then normalized by division by the
number of trials (480) and interpreted as the probability density functions of
mean radial error. The integral of the probability density is the probability
distribution function and represents the probability than a mean error of a
given size or smaller will occur. The results are presented in Figure 37 which
depicts the probability of a mean radiul tracking error of a given size or
smaller versus the mean radial error in degrees. One curve is shown for each
target type. A fourth curve. labled ''Predictable Path Target - Side Stick,' is
shown for comaparison and will be discussed in the following paragrapha.

STATIC TARGEY - M%/0

<
100 1 M™%
g " !
EVASIVE TARGET-HUS/D
4
TN MREDICTABLE-MATH TARGET-HMYD
50
. PREDICTABLE-PATH TARGET-SIDE STICK
u lad -~
* PROS (X < AR JVERSUS AR (AS EXPERIMENTALLY MEASURZD)
0 s 10 YY) ) 35 49

HEAR MDWL ERROR DEORLES)

Figure 37, Radial-Error Frobability Distribution Functions
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SIDE-OTICK CUNTHULLER EXPERIMENT

B
i
A brief experiment using five of the ariginal siv subilects was conductad during ;
the effectiveness study in an attempt to infer the tracking characteristics of an
operator using a side-stick controller to position a reticle over a moving tar-
get on a panel display rather than by head-tracking control of reticle-target 1
relationships on a helmet-mounted diaplay. Forty trials were made by each =

ad

subject on the same dynamic, predictable-path targets used in the head tracking
capability study. The composite mean radial error (i.e., 50 percent probable
error) of these 200 trials was 0.76 degree. The error distribution function is
shown in Figure 37. As is apparent, the composite mean tracking accuracy
results are improved over the head tracking results for the same type of target.
Some improvement in accuracy is to be expected as the human tasks in the two
experiments differ markedly. The HMS/D coordination task is a compensatory :
and pursuit task of nulling an error display while the ride-atick control task is 1
a pursuit task (i.e., pursuing the target symbol with a reticle symbol). The ;
25 percent improvement in radial accuracy noted for this experiment ia felt to
be in line with the variation in task difficulty.

TARGET ACQUISITION AND LLOCK-ON

The actual target acquisition times presented in Figure 32 refer to the time
required from the start of a tracking trial (i.e.. display of a target cueing sig-
nal in the fisld-of-view) to the instant that the subject's LOS entered a 1. §-
degree square ''box' centered on the symbol. Indicated target acquisi-
tion time began at the same ¢time and en at the instant when the subject
depressed his acquisition switch denoting that he thought he was on-target. The 1
results of the experiment are summarised in Table V and Figure 32 a3 1.8 to B
1.7 zeconds actual and 2.2 to 1.4 seconds indicated (composite mean values). j

Depressing the acquisition switch (Indicated TAT) initiated a 15-second tracking ©
trial in the experiment. The "off-angle" froam the baresight attitude of the .

pilot's LOS to the target's (nitial position varied from 19 to 49 degrees {rom
trial to trial (see p. 17 of Volume IIIl. Note that Indicated TAT as used in the }
experiment referred only to the first instant that the subject thought that he was .
on target. No quantitative criteria for "on target" were given tn the subjects. ]
Actual TAT could occur when the LOS entered the 1.5-degree bax only momean- :
tarily, Similarly, indicated TAT could occur without the L/OS ever eatering the -
1.5-degree box.

In order to lock a radar or electro-optical contrast tracker to a targt success-
fully, the LOS must enter a given size "window" and remain inside the window
for some minimum period of time. For evaluation cf sensor locking capability.
a minimum "'dwell" time duration of 0.3 second was chosen as a comprotnise ]
value representing a contervatively 1 lock time for a tracker and time for
radar lock at a reasonably short range (on the order of 1 mile).
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Arbitrary circular window sizes af 10- 20~ 2= and AD-millirgdicn radi

[y Qi Tatiue

were chosen. Data taken during the tracking experiments defined t}me times at
which each of the windows was first entered for a dwell period of 0,3 second

or longer. These data were recurded for ail uuccessful tracking trials (i.e.,

: 1404 of the 1440 attempts)

The time data for each target.type were sorted and frequency of occurrence in
cluss intervals of 0.1 second were compiled by counting. The resulting h.sto-
grams are presented as Figures 38 through 40 for static, dynamic, and

evasive targets, respectively.

To determine the probability of a statle sensor lock at or before a given
elapsed time, the histogram data of Figures 38 through 40 were divided by 480
{thz number of ¢tracking trials) and integrat~d over time. The result is claimed
to be the probability distribution functions of stable (i.e., 0.3-secort or
longer) acquisition within 10-, 20-, 30-, and 40-milliradian radial windows.
The results for the three targe: types are shown in Figure %1. As should be
expected, a higher probability is found that the target is within the larger of
any two windows at any given elapsed time. For example, at 1 second after
TAT ‘here is a probability of 0. 9 that either dynamic or evacive targets have
been captured (for 0.3 second or longer) within a 40-milliradian window,
whereas the probability is approximately 0.5 that during the same time inter-
>al a dynamic or evasive target is captured within a 20-milliradian window.

"The s.atic target window acquisition times are shorter than those for dynamic

or evasive targets.

in summary, it should be noted that the total acquisition time capabn*ty for
different window gizes of the HMS/D is represented by the sun: of the mean
TAT actual of Table V (l.e., 1.6 to 1.7 seconds) and the time after TAT dis-
played in Figures 38 through 41. To use the previous example, a probability
of 0.5 exists that a target (dynamic or evasive) will be captured within a 20-

milliradiun window within 1.6 seconds acquisition time plus 1.0 second sesarch

and dwell time or 2.8 seconds total after the pilot is cued that a target exists.
The above atatement says that it i8 0.5 probatle that a pilot can lock a missile
aensor or relock a broken radar lock at short range within 2.6 to 2, 9 seconds
after detection of the presence of a target or indication of ¢ broken lock.

NAVIGATION UPDATE

The hasic mecsure of navigation update capabmg' is an estimate of the resultant
downrange and crossrange positica error induced by LLOS errors in the triangu-
lation of ground position coordinates.

While analytical studies have been made o the tranafer function between sighting

accuracy and CEP cof ground coordinates, these studies are of no more than
passing interest since several actual flight testz involving an instrumented
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ARF-+C TACHEACUT aircraft have been conducted. The official flight test
report is in the process of publication as Tactical Air Reconnaissance Center

TARC TAC Test Raport 87-118, TACREACT, 1988, and is classified Secret.

A Honeywell Report ASD-TR-68-86 entitled "'"Tactical Reaction Reconnaissance
System Studics (TACREACT) (U) - Volume II, Part 1: Visual System Design
Breadboard Flight Demonstration System', March 1869, documents the analy-
ses, flight simulator tests, and preliminary flight test data referred to in tge
above paragraph. »
The Honeywell report and data concerning NAV-UPDATE accuracies is also
classified Secret. In order to avoid use of Secret data, this report will simply
refer to the TARC report as representative of what is probably the best meas-
ure of system effectiveness, i.e., flight test performance,
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